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I. 1 INTRODUCTION

During the past year the Lwser Kinetics Branch has been studying the B211 - X211

transition in nitrogen-sulfide. We have been particularly interested in this transition

because we think the It states lit second lifetime and large Franek-Condon shift make it a

good short wavelength chemical laser candidate. As part of our stuidy we have determined

the rotational and vibrational polulations of the excited molecule produced in an S+N3 -,

NS(13) + N-) reaction. To do this accurately it was necessary to write a spectrum code.

'his document outlines the theory, explains how to run, and provides a listing of the

spectrum code and accomplauying files. It shoulid be noted that even thougth this code was

written specifically for the NS(1 211) - NS(X 2 I) transition, it, is easily imodifi(ed to do a

variety of other rrmolecu les arid tralsito ons. '

II. NS SlECTlIRM COE, TIIEOIY

The code is based on the quantum mechanics of Schr6dinger. In the next few pages,

I'll outline the most significant relations leading up to the electronic-ro-vibrational

intensity relation which gives the intensity of a spectrum line as a function of wavelength.

The perturbed Schridinger equation is given by.

EL[(2 + 2+ 2 + + 8 (E-V)X + = 0 (2.1)

where [lk is the mass of the kt partide, 01 is the wave finctioin; Xk, Yk, Zk are the

coordinates of the kth )article, E is the total energy, V is the )otemntial energy, an(l wo' is

the pertrhiing term. '[he interac:tion of an electromagnetic wave (with am electric vector

E ) with an atomic system call Ibew approximated as the illt,eraction of 1, with il dilpole

moment (II) of the atomnic system. This interaction enters into Equation 2.1 as uw = E 1.
4

where M has components Mx=)i.kXk, My= ekYk, Mz---ekZk, and ek is the change on the

kth particle.

In solving the Schr6dinger equation for an electromagnetically disturbed atomic

system, Pauling and Wilson' found that if the system was originally in a state of energy,



E,, there is a non-zero probal)ility of finding it in a sttae of energy, E,,, if the emission of a

photoii of energy ht'/Vim = E, - Em is allowed. Specifically, tle probability of a transition

between two states n and ni is proportional to the square of the matrix elements of the

electric dipole moment (-i~m).

The components of TO, m are defined as follows:

Rxnm = f Xn*MxXmdr, (2.2)

Rynm = f xi*Mymd r, (2.3)

Rznm =f kn*Mzxmdr, (2.4)

where Xn, Xm are the eigenfunctions of the two states, and the integral is over the total

configuration space.2

The intensity of a spectral line for a transition from state X1 to Xm is given by:

lei, ""' = N ihicV.,,i A .. (2..5)

where N,, is the number of atoms or iiolecules in the initial state, li(:/./',m ',m = energy

emitted in transition, Am is the 1 I.jinstein transition probability of spotntaneous emission

and according to wave mechanics is related to the matrix elements of the electric dipole

moment (as was previously shown for stimulated emission) as follows:
Anm = 6 im for non-degenerate levels.

A6m 4 - ,---- E I mk 2 for levels that are (l) fold degenerate. (2.6)
31) dp

Combining Equations (2.5) and (2.6) gives the intensity of the spectrum line in

emission as:

64 704 hcVn, 4 - RIn imk 2 (2.7)lemnm 3 d(

However, our experimental detectors only coullt the 1llil ber of l)holEt1s in a given

frequency range. The number of counts at a given frequency can be obutained by dividing

2



Equation (2.7) by Lhe energy associated with each photon at that frequency. Doing this

yields the photon count as a function of frequency:

M 647 4  ! ' %[

Iemc"m = n-PnmN , E I ' i [ 12 (2.8)

The number of molecules, N,,, in the initial state (le)el on the electronic,

vibrational, and rotational levels available, as well as the energy required to populate each

level. In the following, we will determine the energy required to )o)ulate a given

electronic-ro--vibrational state as well as the levels available. For equilibrium systems we

know these states to be populated according to a Boltzmuann distribution. This gives the

number of nmolectules in each state on(ce we know the total energy available to the system.

11.1. DETERIINATION OF ENEI(CY LEVELS

We k(mow I hat the energy of a it tolecule is due to the m oti on of the elect rotis about

the nuclei (electronic energy), vibiration of the nuclei (vibrational energy), an(l rotation of

the nuclei about the center of mass (rotational energy). We first will consider the

rotational energy. If we ap)proximate the molecule as a rigid rotator and substitute

MM 2 and V = 0 into the Shr6dinger equation (Equation 2.1), we obtain a

solution for the rotational energy levels:

Ej = 872.) 1 ,(2.9)

where MI, M-2 are the nuclear masses, and I is the moment of inertia of the rotator; J refers

to the rotational level in question.

Now in spectroscopy it is customary and convenient to write all energies in terms of

wave numbers. The wave number is obtained by dividing the energy 'by h,. So, in wave

nmmlbers Equation (2.9) becomuues

E. _ F(.) = hJ(J+ l) = .(.+ l) (cn )) (2.10)

l - 8r 2 C I

B =6- is called the rotational constant. The wave number (or energy) associated

with a transition from one rotational level to another is:

3



v= F(") -F(J"), (2.11)

where ' always refers to the tipper rotational level and J" refers to the lower.

It is well known that molecules not only rotate about their center of mass, the nuclei

vibrate with respect to one another. For a diatomic molecule, tile molecule vibrates along

an imaginary line joining thein and passing through their respective centers. The

coulombic force holding the nuclei together goes as -kx. The potential energy associated

with this is V = --q-or that of a harionic oscillator. If one substitutes this into the

Schr6dinger equation and solves for the energies of the vibrational levels, tile following

wave numbers (or energies) are obtained:

E (v) (v)= w(v + (2.12)

where w refers to the fundamental frequency of vibration between the nuclei, and v

corresl)onds to tile allowed vibrational levels. The wave number associated with a

transition from one vibrational level to another is:

v = G(v') - G(v"), (2.13)

where v' refers to the upper vibrational level and v" refers to the lower level.

Of course the sum of potential energy of thle nu(clei anl the electronic energy of the

electrons forms the potential well in which the nuclei carry out their vibrations. It turns

out that this potential well is haritionic to first order (very sima.i amplitude vibrations

about the equilibrium displacement between tihe nuclei) but is anharmonic if larger

displacements from equilibrium are considered. This anharmonic effect ca.n be taken into
kx2

account by using a potential of the form (instead of V = - ):
kx 2

v= -2 gx3 (2.14)

where x = r-re, re is the equilibrium separation of the nuclei, and g is much smaller than

k/2. If this potential is substituted into the Sch6dinger equation, the following

anharmonic-oscillator wave numbers (energies) are obtaine(l:

Ev G(v) = We(V+1/2) - Wee(v+l/ 2 )2 + weYe(v+1/2) 3 + (2.15)

4



Previously, we considered the rotational energies of a molecule on the basis of it

being a rigid rotator. It is quite obvious that if the molecule is vibrating it is not rigid. In

a rather inivolved wave mechanical calculation, Pauling and Wilson' show that if one takes

into account the molecular vibrations or rotations the following wave numbers for a given

rotational (J) and vibrational (v) level are given:

F,(J) = I3,.J(.+ ) - D,,J2(J +I ) 2 (2.16)

where B,, B. - a,(v+ 1/2), (2.17)

D,, 1), + 1,e(v+l/2), (2.18)
h 1)

lie 1 (see Equation 2.10), (2.19)

(2.20)

ate and 13e are much smaller than li, H dl De respeCtively.

Finallv, we consider the electronic energy states associated with the electrons about

the nuclei. This energy is obtained )y considering the electrons interacting with eachl other

and the mclei. There is no exact solution of the Sch6(linger equation for these. One can

est imate the energies of each level for a given molecule using the Born-Oppenheimer

approximation. 3 lowever, in practice the electronic energies are observed spwctroscopically

anld used to give the base energy of each electronic level. In terms of wave numbers this

energy is giveil by:

'l'e = T,, + AA2, (2.21)

where r,, represents the energy of tlhe electronic state (base energy) neglecting energy

splitting of levels due to electron spil, A is the spin orbit coupling constant., A represents

the component of electronic orbital atugular momentum along the internuclear axis, and v is

the sum of electron spins for the molecule.

If the electronic orbital aigniar momentum is givein by a vector 1, with magnitude

L= I #I then the allowed quan tu m beulbers represemting the coil)omnet of electronic

anuilar momentum along the internuchm'ar axis are givem )y:

5



A = 0, 1, 2. L (2.22)

One should note that A = 0, 1, 2, ... corresponds to tile molecular state designation E, 1H,

A, .. , (e.g., NS(B211) refers to nitrogen sulfide in a state with A 1). To in equation (2.21)

above is also a function of A.

If the total electron spill associated with the molecule is S and tile inaginitude of, this

spin is given by S = ISI, then S will precess about the field direction (in this case the

internuclear axis) with a constant comlonent E(h/2r). Quantunm theory allows the

following values of - = S, S-I, ... -S. (2.23)

The total number of E values for a given S from Equation (2..23) is given by:

M = 2S + 1, (2.24)

where M is called the multiplicity of the state. rhe multiplet structure observed in

electronic bands is due to the electron spin and the slightly different energy levels

corresponding to the different electron spins given in Eq|uation (2.23). The electronic

energy of the multiplet is given )y Equation (2.21). Note that if A = 0 for a E state, there

can be no spin related splitting or multiplet structures. This is because when A = 0 there

is zero orbital angular rmomentum of the electrons and therefore no axial magnetic field.

Since this field causes the spin splitting there can be no splitting even if there is a noii-zero

multiplicity. So, a state has a multiplicity of M=2, but because A=0 there is no

multiplet splitting.

The component of the total angular momentum of the electrons along the

internuclear axis is given by:

Qt J A + El .  (2.25)

This plus the quantum number for rotation (call it N) of the nuclei gives the resultant total

angular momentum J. If the interaction of the electronic motion and the nuclear rotation

is small, but the electronic motion is strongly coupled to the line joining the nuclei, Q is

well defined. This is typically referred to as a llund's case a. There are a.

6i



variety of cases (see llertzberg); however, for NS lund's casc a applies. So, combining all

the energy (wave number) ternis for a molecule we obtain the following sum:

E t- = _e + G(V) + F(.J) (2.26)

The wave numler associated with the emliissionl of a photon or the transition from one state

(n) to another (in) is given by:

It- um Te'-Te" + ('(v') - G(v") + F(J') - F(J")

From Equations (2.15-2.20), this becomes:

T'e + We'(v'+1/2)we'(v'+I2)2

+ Bv'J(J'+1) - l~.'.J"2(.J'+l)2-1y'."(, "+l)+l),".i'2(.I"+1)2+. (2.27)

This corresponds to the wave iiuriihr of the emitted photon if the transition is allowed.

Using (utantuni mechanics it is straightforward to show that molecular transitions from one

particular state to another are generally allowed if:

AJ = J'-J" = 0, +1 (2.28)

and for Ilund's case a:

AA = A'-A" = 0, ±1 (2.29)

M = V' . (2.:30)

Note that Av = v'-v" is not restricte(d in any way.

So, if we apply this to the )roposed NS(B211) - NS(X 21l) transition, we first note that

since the upper and lower states are 211's, A=I for both and AA=0. Since

M=multiplicity=2S+1=2 = S=1/2 or E=±1/2. So, Q]=IA+1.]=/2,3/2. lowever, since

AS=0 in lhund's case a the possible electroi(: transitions are restricted to the following:

B21-11/ 2 - X2111/ 2 and B2[13/2 - X211 3/ 2,

where D2 has been written as the subscript on the 1i (orbital angular momentum

corresponding to A=1).

Keeping in mind that A.J=0,±l in Equation (2.27), one can represent the possible

transitions for the NS( B2[1)-NS(X 21I) graphically (see Fig. I). Ri, Qi, 1), correspond to

7
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Figure 1. Energy Level Diagram for NS(B2rI)-NS(X 2rI) Bands 2
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the branches with AJs of +1, 0, -1 respectively for the 2111/2-211/2 transitions. R2, Q2, P2

correspond to Js of + 1, 0, -1 respectively for the 2H3/- 2H3 / 2 transitions.

11.2. POPULATION OF ENERGY LEVELS

Up to this point we have considered the electronic, rotational anid vibrational energy

levels available to a molecule. We have also considered the allowed transitions from one

state to another. Since we have determined the energy levels available we now need to

figure how many molecules populate any given level. Often in nature, systems exist in

states of thermal equilibrium. This is typically true of the molecules we study. For this

reason we first consider obtaining the l)ol)ulations of ele(tronic-ro-vibrationai energy levels

for molecules in thermal equilibrium.

Electronic Distribution Function

First, we consider the electronic distribution fuiictioi for a doublet state in thermal

equilibrium (we consider doublets because of the doublet NS transitions). For a doublet

state in equilibrium the number of molecules in the uipper electroiiic state with a given Q is

given by (we are interested in tile upper state because we want to iro(luce an emissionI

spectrum) a loltzmann distribution:

N - E f k ' ',

NES - N (2.31)
e-' ,/kTl E

where E is the energy in wave numbers of the different electronic levels associated with

different values of Q (with Emin 0). Min is the minimum 11 value and k = .695

cr-i/okelvin. For NS we have
N- EI/ 2 / k T E

NE, 1  Ne-/2/k I --; , N (2.32)
'1/2~~~ ~ ~ 2 Efk E1/2/1kE+e 31/2/k'l 11,

and with Eji,, = E /2 = 0, E3/2 = 90, kT E = 200 cn:'- at room temperature, where T =

3000k = the electronic temperature.

9



NE 1/2 N(.61)

N E 3/2 -Ne-E 3 / 2 / kTE = N(.3893)

Ee--'E/kTE

So, for NS in the B state the Sl= 1/2 level has 5/3 the population of the Q=3/2 level.

Vibrational Distribution Function

For vibrational levels in thermal equilibrium the population of the different energy

levels is given very accurately by a Boltzmann distribution. The number of molecules in a

given vibrational level is

N --Go(v)hc/kTv (2.33)
'3'

where Qv = I+e -G °(l)c/k + .. (2.34)

= state sum,

Go(v) = G(v) - G(O), (2.35)

Tv = the vibrational temperature.

It should be noted that if we are concerned with emission, G0 (v) and Nv correspond to the

upper state. The G(v) above is given by Equation (2.15).

Rotational )istribution Functiou

The number of molecules fomind in a given rotational energy level in thermal

equilibrium is given by a Boltzmann distribution function times the degeneracy of the level

which is usually 2J+1. This is because, for a given energy each of 2J+l degenerate levels

may be populated. The number of molecules in a given J level is given by:

N N (2 J+ - F(J)hc/kTr (2.3)

where F(J) is given by Equation (2.16),

Qr = I + 3e - F(1)hc/k T r + 5 e- F(2)hc/k T r + ... (2.37)

T, = the rotational temperature.

Now F(J), to good approximation, can often be set equal to:

F(J) = Bv J(J+l).

10



If this is substituted into (2.36) and (2.37),

Qr = 1 + 3 e- 2B vh c /klr + 5 e - Bvih c /k T r + ... (2.38)

-1 rv for large '1r and small B,, which is usually the case. (2.39)

Tr is usually greater than 3000K and 11, is about. .6 for NS. This makes (2.39) a good

approximation. This iml)lies that

N iNh c L3v (2.1+ I )e - l v 'J(.+ I )lh c/k1r (.0
Nj If NhB (2.40)

At this point we are in a position to fairly accurately define Nn of Equation (2.8) by using

(2.31), (2.33) and (2.36):

N,.' cc NE, ,Nv,NJ ,

N ' Ne__" '/k'l'" e- (,' ( v '  hc/kTv'. 13,,' (.' le I 'J (I +  h/~

E e-E* kT e q- (2.41)

ni of course corresponds to the upper state with Ql', J', v'.

11.3. ELECTRONIC-RO-VIBRATIONAL INTENSITY (COUNT) FUNCTION

We almost have everything we need to define Equation (2.8) for the NS molecule.

N,, of (2.8) is given by Equation (2.4 1), v,, of (2.8) is given by (2.27). (11, of (2.8) is equal

to the degeneracy of the levels which is 2.1+ 1. In the literature

40 4 -

5: Rl"imk '' 12 = I,',," 12 S (2.42)

where the Rv'v is the part of the transition J)rol)abilit.y depending on the electronic and

vibrational eigenfunctions and Sjj, is the part of the line strength that depends on J (the

total angular momentum) and is called the ltl-London factor. 4 In the following we will

show how ROO" -_ Re qvv" and define all terms. 'I'le electronic and vibrational )art of

the eigenfunction can be written as:

X = xexv. (2.43)

The probability of a transition between two (lifferent (as shown in Equation (2.2-4))

electronic-vibrational states is given by:

11



Ri12 = Ifx'MXdT12 (2.44)

The only parts of the electric moment M that can contribute to R are those that depend on

the coordinates of tlhe electrons. Rewriting (2.44) and substituting (2.43) with this in mind

gives:

fMe x** "dr (2.45)

f Xe* e X(de v
e I!

where X XOf correspond to the vibrations of the nuclei along r and therefore only

contribute along r, M c and X e depend on the electronic coordinates only and contribute

accordingly.

The first integral

Re= J Xe *MexeI1dTe (2.46)

is called the electronic transition moment. This transition moment depends only slightly

on the internuclear separation of the nuclei. For this reason Re is often approximated by

its average value over a transition:

R, Re (2.47)*

The second integral of (2.45) is called the overlap integral. It basically states that a

transition is more probable if the wave functions simultaneously have large values for the

two vibrational states at a given internuclear separation. This embodies the

Franck-Condon pritciple. As a reslit the overlap integral is often written in this way:

If XvI*Xv "dr1 2 = qv',,", (2.48)

where qv'v" is the Franck-Condon factor.

Note, sometimes one must include the variation H.e(jf) with r to accurately model the

spectrum. This happens to be the case for NS. As a function of the r-centroids (tviv"i) Of

the molecule Re is given by: 5

Re = IRe(f)I = Const.(-+l.767f v'v" - 1.037f2V'V" + .202 f3,'v'") (2.49)

where rv',v" is the average separation of the nuclei for the v' to v" transition.

12



Now, all the ternis are defined necessary to give the ivtnsity of a spectral line for an

electronic-ro-vibrational transition friom one state to another inl equilibrium. Substituting

(2.41, 42) into 2.8 we have:

N t e rim N t erni
e v

N. term

BA v1e-'v 1 ( J'+1 )C/k'r]
• Tr

O Ale 2qv' ,"S. 1, (2.50)

For NS, we first used 1Iluation (2.50) to obtain the equilibrium synthetic spectrumi at high
pressures. The synthetic 5l)ectrIim closely matched the experimental spectrli ln.

The low pressure cases (<2 Torr) had noII-cqIilil)riim| rotational and vibrational

distributions. We substituted our guesses for the distribuxtions (Nv + N. terms in (2.50)

into the code until the syithietic spectrun matched the experimental spectrum. In this

way we determined the non-e(iquiliriumi vibrational and rotational population| distributions

of the experimental spectrum. Such a comparison is shown in Figure 2, in which the

relative populations of the vibrational levels v' = 0-6 (for B2111/2 - X2111/ 2 and 13213/2 -

X2113/ 2 transitions) are given. The N1 term is given in 'UNCTION XI of the code, run at

a rotational temperature of 1400oK.

III. HOW TO RUN THE CODE

To run the NS(B2H) - NS(X211) spectrum code onle needs to first get, in the directory

where it resides. It is stored there along with files filled with Framck-Condon factors

(FRANK.CON), i)uniham coefficients (l)UNIIAM.COF), r-centroids

(RCENTI'OlI).)AT), the pI)oulation weights (POlITN.WT), file of data file names

(FILE.OMA), and the experimental data files (named in FILE.OMA). These files must be

present when running the program.
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First one must login to the VAX as follows:

C FJ

USER: LAWCONNELL

PASSWORD: *** , see Captain Lawconnell.

Then default the directory to ASPECTRUM by typing:

Sd.ASPECTRUM

Assuming all the Dunham coefficients, Franck-Condon factors, etc., mentioned above are

available, all one need do is type:

RUN SPNS

This activates the executable code found in file SPNS.EXIl.. The program is interactive

and the input required is self-explanatory. The user will be asked to input the device on

which to plot the spectrum, the spectrum title, the rotational and vibrational temperature,

whether it is desired to plot experimental data versus the theory, etc. If one wishes to

input non-equilibrium population weights for the upper state vibrational levels, this is

done by modifying the file POPLTN.WT and specifying that a non-equilibrium

distribution is required when asked while doing the input.

There is a file called INPUT.DAT that saves all the input parameters. If one is

running a variety of cases that are similar this file will be accessed to give the input. The

code prompts for any new changes. In addition the code produces three output files: 1)

CHECK.OUT which contains the vibrational transition lines - and other information that

indicates whether or not all is well with the run, 2) OUTPUT.SPEC which contains a list

of intensities versus wavelength and 3) the plot file (as specified by the user).

Most features of the code are documented internally. The file structure for the

various data files mentioned earlier can easily be determined by examining the respective

read statements in the code. This also applies to the output files.
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If one needs to transfer data from the OMA to the VAX one way to do it is to take a

floppy of the data (DOS format) and use a PC along with KE1RMIT to transfer the data.

The procedure for this is outlined below:

Type:

zS

KERMIT

SERVER

flit the <ALT> key

Type:

K

S (to send)

A:*.*

F (to finish)

If the procedure failed start over by tyl)ilng:

<A LI'>

EXIT

VAX

EXIT

and then start with the KERMIT command and proceed as hefore.

Finally, if one needs to miodify the code to do some problem of interest it is necessary

to know how the previously presente(d equations relate to the code. If we start at the tol),

the first routine encountered is the program driver. in it arc (ocumented all the references

used in writing the code and for producing the input files. The program driver is

responsible for the program flow from plot driver initialization, through the spectrum

generation, to the output of the spectrum.
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The next routine is called SUBROUTINE INPUT. It reads in the experimentally

derived Dunham coefficients. Dunham's equation combines Equations (2.15-21) into one

equation:

T = F j Ytj(v+l/2)J JJ(J+i) j  (2.51)

where the Ytj are the Dunham coefficients. From Equation (2.15-21) it is easily

determined that the Dunham coefficients correspond to:

IYoo = Te Yot = Be Yo2 = -De

II1 i= we Yli = ae

Y9o = -We(e ...

Thes ar thevales fundin thle fl U
These are the values found file DUNIIAM.COF. We typically only use the values in

the dashed box to model the NS spectra to the resolution of our spectrometer. It should be

noted that there is a different group of Dunham coefficients for each electronic level - four

groups for NS. This is referencedG and explained in greater detail within the code.

The Frajck-Condon factors ((iv',") of Equations (2.48) and (2.50) are given in file

FRANK.CON. 5 These are read in SUBROUTINE INPUT. In addition the f-centroids 5

(rv'v") of Equation (2.49) are also read.

If a non-equilibrium vibrational distribution is needed the N, term of Equation

(2.50) is replaced by the population weights found in file POPLN.WT. These are also read

in INPUT. In a(ldition the rotational temperature (Tr) and vibrational temperature (if

equilibrium) are read in for the Nj and Nv terms of (2.50) respectively.

Go(v), Qv, Bv, TE , En (Equations 2.15, 35; 2.34; 2.17; 2.32; 2.32 respectively) are

obtained in SUBROUTINE INTENSE. These values are used there to calculate the NE,

Nv and Nj terms of Equation (2.50). All but the rotational part of Equation (2.27) is

calculated in this routine and stored in matrix TRW.
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The rotational part of (2.27), taking into account the P, Q, and R branching, is done

in SUBROUTINE DOUBLET. This allows for the determination of the v in equation

(2.50). DOUBLET then calls SUBROUTINE AINT which gives the ilbnl-London factors

(SjIJ") of equation (2.50).

Since the final intensity is normalized, the actual value of N and the constants of

equation (2.50) are not important. All the terms mentioned in (2.50) are brought together

in FUNCTION X1. This is where the intensity of a given spectral line is calculated. These

intensities are redistributed according to a Lorentzian slit width broadening redistribution

function in SUBROUT INE VOlRN'I'ZN:

(I - 1+ (2.52)

where -y = the spectral resolution in Angstroms (which is on the order of two Angstroms

for our OMA so that Doppler broadening was not considered),

A = the wavelength,

1 x lO8/vj'j" = Aj j,, = the wavelength of the given transition one is redistributing.

1. = original intensity of the line.

The experimental data is read in, spliced and weighted in SUBROUTINES

LOAI)FIL, SPLICE and WEIGHT, respectively. The data and the synthetic spectra are

normalized and plotted in SIJi ROUTINE OUTPUT (as specified )y tile user).

IV. NS(B - X) SPECTRUM COI)i" ISTING, II[,ES AND SAMPLE SII(CTRUM

What has been written above is embodied and takes a functional form in the

following program listing. In addition, the files used to run tile code are also included

(they follow the code). Finally, a sample spectrum (Fig. 2) comparing the code output to

experiment is included. It should be noted that the theory and experiment correspond

fairly well. This was true of all the spectra generat('d with the code and compared to

experiment (for a variety of rotational tempcratures and pressures).
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C PROGRAP SFECTFF

* hRITTEN EY:

* CAPT 908 LAWCONNELL
* FRANK J. SEILER RESEASCH LASCRATORY
* UNITED STATES AIR FORCE ACADEPY
* COLORADO SPRINGS* COLORADO IC84C
* PHONE: 719-472-3SC2o AV 259-35C2

* THIS PRCGRAP CCPFUTES ANC PLOTS THE NS(E) TC NSM~ SPECTRUM

:REFERENCES: 1) C. HEFZOERGP SPECTRA OF tIATOPIC FQLECULESP VNR C 195C,
F -.201 a26e-271 .

* - RELATICN GIVING INIENS1TY CF LINE FCR TRANSITION,
* 2) P. 8CFN AND A. OPPENH4EIMER, ANtN PHYSIK 84#457(1927).

*- BCPN-OPPENHEIME0 APPROXIMATION
* 3) ceASEET AL, J1 CNEM PHYS 89o257(1988).

* - FRARCK-CONDCP4 FACTCRS, F CEVNTRCIDSo ETC. FCP NS
*4) J. JEFFRIESP ET At, J PHVS CHEMo IN PRESSo 1 DEC e7

* - EXFERIVENTALLY PEASLJREO TR.ANSITION FR09ABILITIES
(IE. RE**?).

* 5) A. ENC'LEPAN JR.,ET AL, LA-4364,UC-34,11D-4500.
*- AINT SUBROUTINE FOP NONL-LCNDON FACTCRS IN
* OCUELET TO COUELET TRANSITICNS

*6) 1. KCVACSP RCTATICNAL STRUCTURE IN T E SPECTRA CF
* OIATCPIC MOLECULESP AFER. ELSEVIER PUEP CLT OF PRINT,
* 1969.

- BASIS CF AINT SLBRCUTINE
* 7) K. P. HUEER AND G. HERZBERG, POLECULAP SPECTRA ANC

* POLECLLAF STRUCTURE, VOL IVP VNR C 1979, P486-487.
* - OUNI AM COEFFICIENTS FOR NS

c

PARAIIEIERC1NOT=125)
C
C THE COFMCNS ARE DIFENSIONED AS FOLLCWS (THEY MUST EE
C DIPENSICNEC GREATER THAN OR EQUAL TO THE INDICATED
C VARIABLES):
C
C COPPOIFACTF(IF,2O.20),Y(NDNO1 ,?),G(PDr2C).
C 1eCND2)DG(NCZC)
C CCPMON/P /TFbC6,2O,2C),F1C6,NROT)PP2(6,NROT),
C 1 FlINTC6,kRCT),P2I'ITC6,NRCT)
C COMMO%/Q /Ql(6pNRCT),Q2C6,NFCT)p
C I C1IN7(6pPOT)#O21NT(6,NROT)
C CCMMOh/R /Ri (6,ROT),R2(6,NRCT),P1IN1(6,NROT),
C 1 021N1C6,NROT),FIWiTC6,1COCC),FIN(ICOOC),FIIX(ICOOC)
C CCMMqQN/TEPPITV,TR
C
C WHERE, NF=NT=TldE NUPBER OF GROUPS CF fRANK-CONOCN FOCTCRS -

C 1 GRCUP PER ELECTRONIC TRANSITIOKI.E. 8312 TC X312
C AND B1/2 10 X112 FOR NS.
C NFl. V PRIPE 14AN INDEX (UPPER STATE)
C NF?: V DOUBLE PSIME PAX INDEX (LOWER STATE)
C NDs SUMIER CF DtNHAM COEFFICIENT GROLPS -

C ONE FOR EACNq OMEGA QUANTUM NUMBER
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C ND1z THE MA) L VALUE FOR THE DUNHAM COEFFIEK7 MA7RIV:
C Y (L,J )
c LWAV= MINIPUP WAVELENGT4 OF SPECYRM (ANGSTRCPS)
C LWAVI= PAXIPIM UAVELENGIN OF SPECTRUP (ANGSYFOMS)
C NROT= NVPeEF OF POSSIBLE ROTATICNAL LEVELS
C NOTE: ALL INTECERS USEC TC DEFINE ARRAYS PEFERING TO
C VIBRATION~AL LEVELS APE ONE LARGEF TYAN THE
C CORRESPCNDIWG VIE. LEVEL.
C

CHARACIER*45 N.AMCEV
C

CALL ASSIGN(3o,CHECK.OUT')
WRITEC6,*) 'WHAT TYPE OF DEVICE DO YOU UANT TO PLOT ON?'
WRITEC6,*) 'SPECIFY: 1 FCR HP 755C'
WRITEC6,*) 2 FOR TEKTRONIx 4107'
bRITEC6o*) '3 FCR VT240'
bRITEC6,.) 4 I FOR VT 10C RETAC'
WRITEC6,*) '5 FCR TEKTRCNIX 401C*
WRITECdo*) '6 FCR ANY ASCII PRINTER'
READC6#.) IPLOT
IF(IPLCT.EG.1) %AMDEVz'HP 7550'
IF (IPLCT.EC .2) NAMtEVc*TFKTRO0NIX 41C79
IFCIPLCT.E:.3) NAMCEVVT 2406
IFCIPLCT.EC.4) hAtEVu'1T 1CC RETRCI
IF(IPLCI.EC.5) NAMCEV'TEKTRONIX 4C01'
IF(IPLCT.EC.6) NAMCEWzANY ASCII PAINTEF'
CALL PLTDEW(NAPCEV)
CALL INPUT
CALL INTENSE
CALL OU7PUl
CALL DCNEPL
CALL CLOSE(3)
STOP
END
SUBROUTINE INPUl
PARA14EYER (hROT= 125)
COPINIFACT/F(!,30,3)Y9,C2),G(,p3C),

I 993C)fDGC9o3C)
COFMCN/P /TRUm6!O,30)P(6,NAOT),PZC6,NRCT),

1 P1XNT(6pNRCT)oF2IhTC6#NROl)
COPPMCNIG 1Q1C6,NPOT)vQ2(f#NRCT)r

I O1INT(6pNAOT)*G2IWTC6vNROl)
COFMON/F /RI C.pNROT).R2CtaNRCT)*Pl IN! C6jNPOT),

1 RINTC6oNROT),FIN7 C6,1000C),FINC1CCOO),,F!NXCICCOO)
COFMCNITEPPTVPIR
rOPPCN/xNPLTNT3TLEIFDISIeRANCHUr:NUPA(,RRES,

1 XIV.XIRIFCCNEIFC EFIPINIPAXIENV.MENVH1 sVp
2 XPTKpGAXPA2
COPMON/INDEXINFNFlNF2,NTNDNDI
COPPONJWGNTIWGHl C3CP3O),t4VIPEYCIT
COPPON/CNTR/CNIR C3p3O,3C).,IFCENTR
COPPCN/EXPDAT/IFDATAWAiiE(2C,1C30),SPEC(20,1O3C),WA'JCCCOO).

1 SP(?OCCO),hW(2COCC),SPW(2CCCO),WDAt (2C),SENC2C),ICCUNT,!IPAX.
2 IMAXp6KGNNtDpSLOPE
COPMCN/PERI/IFPERTTRPIFPLeVARVAR1,VPR2
CHARACIER*4C hTITLE
CHARACTER*!C IFILE

C
C
C READ 16 THE APPROPRIATE FRARK CONOCN FACTORS
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C
CALL ASSIGh(2p'FRAkK.COhs)
READ C2o*) KFPNFIPNFZNT
WRITEC!,.) N~pNFloF2pNT
DO 10 hz1,NF

C N1l IMPLIES 811?2- X1/2 ELECTRCNIC TRANSITION
C N=2 IMPLIES 83/2 -- X3/2 ELECTRGNIC TRANSITION

DO 20 I=loF1
READ (?p.) (F(Np1,IF)oIPzlNF2)
WRITE (3**) CF (ho TAP) ,IP21 hF2)

20 CORTINLE
10 CONTINLE

CLCSE(2 )
C
C READ IN THE DUKHAM COEFFICIENTS
C
C NOTE: THE ZERO POINT ENERGIES ARE INCLUDED IN THE FIRST
C DUNHAM COEFFICIENT IN THIS FORPULAlION
C

CALL ASSIGN C2,'CUNIAM.CCF*)
READ(2o') NDPND1
WRITE(3p*) ItDNC1
DO 30 P~1,NC

C M4l IMPLIES XZFI1/2 STATE
C M=2 IMPLIES B2FIl/2 STATE
C M=3 IMPLIES X2FI3/? STATE
C M=4 IMPLIES 82P13/2 STATE

DO 40 L=1AD1
READ(2p*) V(** p(M~2

40 CONTINLE
DO 39 L=1,)D1
WRITE(!,*) Y(M*Lp1) ,Y(RpLf2)

39 CONTINLE
30 CONTINLE

CALL CLCSE(2)
WRITE(f,*) 'IF IvCU HAVE NOT DONE THIS SFEC70UM EEFORE CR WOULD'*
1 l LIKE TC START FgO!E SCRATCH TYPE: C , OTHERWISE TYPE: I .

READ(6p*) IFDONE
IF(IFDCNE.EQ.O) THEN
WAITE(dp*)lWNA7 DC YOU WANT TC EN7ITLE YOLR SPECTRUM?'
READ(fir33) NTITLE

33 FCRMA7CA3C)
WRITEC6p*) 'IF YOU WANT THE CODE TC DETERPINE THE PINIPUM AND'*

2 'MANIMUP WAVEILENGTHS BE7%.EEN WHICH4 THE SPECYFUM IS T0 BEOP
3 *PLCTTEC TYPE: C lp
4 'NOTE: THIS FESCLVES THE SPECTRUP ON 20CC POINTS IN kAVELENC.TH'

READ(fo*) IFDF
IFliFDEF.NE.C) TH-EN
WRITE(6p*) '%IHAT IS THE FINIMUM 6AVELENCTHCWPIN) IN ANGSTRCP?l
REACC6p*) WPIN
WRITEC6p*) ''HAT IS THE FAXIFUMF 6AVELENC*THCUPAX) IN ANGSTROP1'
REAtC6,) WFAX
IRITE(6p*) 'b6IAT RESCLU7IONCRES) DO YOU DESIRE IN TOE SPECTF79
WRITE(6p*) lNOTE:CWPAX-%PIN)/RES .Lf. 1OCOO AND MUST BE AN'#
1 'INTEGER'
REAC(6p') APES

ENDIF
WRITE(6p*) 'WPAT IS THE VIeRATIONAL TEPPERATURE (DEG KELVIN)?'
READ~dp*) XTV
WITE(6p*) 'WPAT IS THE RCTATICNAL TEMPERA7URE (DEG KELVIN)?*
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READCdf*) XTR
WRITEC6p*) 10C YOU WANT A LORENTZIAN (C0 CR GALSSIAN Me),
' DISTRIBUTION (GALSSIAN NCI YET IPPLEPENTED)!
READCEoa) IFDIS
IFCIFCIS.EQ.O) THEN
URITEC6pa) *U AT IS GAMMA**2 FOR LOREFATZIAN? IF C IS RETURNED'o

I'GAMPA**2x9.5f'
READC6f*) GAPPA2
IF(GAPlPA2.EQ.C) THEN
GAMPA2=5.58

END! F
ENDIF
IF(IFCIS.EC.1) THEN
WRITF(6,0) 'UhAT IS THE CAS KINETIC TEmPEPATURE (KELVIN)?*
READ(6f*) TK
6RITE(6o*) eiPAT IS THE EFITTING FOLECULES PICLECCILAR WEIGHT',

1 (GRAPSINCLE)?
PEAD(6o*) XM

END IF
WRITE(6p*) 'WhAT IS THE EXPECTED ENVELCPE 61I OF THE*,
1'THE DISTRIBUTION (IN ANGSTROPS)-- IF ZERC IS FETURNED THE',

2 'CODE UILL ESTIMATE A VALLE.$
READ(t,*) ENVH1
WRITE(6,*) 'WHAT TYPE CF RCTATICNAL BRANCHING IS REQUIRED?
WRITEC6f*) 'TiE CHOICES ARE:I
WRITE(6p*) '1) P1,Q1,FlfF2oQ~pR2 FOR 2PI--2PI TRANSITIONS'
WRITE(6o*) CCRRESPONrING TO HLNDS CASE A.'
READ CG,*) ISFANC9
WRITE(6r*) 'IF YOLR UPPER ELECTRONIC STATE HAS A NON-EQUILIBRILIM'
WRITE(6,*) IVIERATIONAL DZTRrBLTIch TYPE: I'
WRITE(6f*) ' CTHEprIsE TYFE: C
WP17E(6,*) 'HA'jE THE RELATIVE wEIC)4TS CF EACH VISIRATrCNAL LEVEL'
WRITEC6o') 'IN FILE POPLTN.WT'
READCE,*) IFEXCIT
IFCIFEXCIT.EQ.1) THEN
CALL ASSIGN(2f'PCPLTN.WT')
READCZ,*) NVIE

C NVIe IS THE NUPeER CF VIBRATIONAL LEVELS IN THE UPPER STATE YOU HAVE
C WEIGHTS FOR. ALSO THERE IS ONE SET CF UEICiTS FOR EACP TRANSITION.

CO SC N=1,NF
READ(2f*) (WC-IT(oI)pI7=1,NVIe)
6RITE(3p*) CbGHTCNpI)vIu1,NVI8)

so CONTINUE
CALL CLOSE(2

ENDIF
hRITE(6f*) 'IF YCU WANT TC WEIGHT THE SPECTRAL INTENSITIES'
kRITfC6p*) '61TH THE R-CEKTRCIDS TYPE: 1'
%RITE(6f*) ' 0OTMERUISE TYPE: 0'
4RITE(6f*) 'TM4E R-CENTROICS ARE ASSUPED TO BE IN PCEh7ROID.DAT'
REAO(dp*) IFCENTP
IFCIFCENTO.EQ.1) THEN
CALL ASSIGN(2v 'RCENTRCID.OAT')

D0 70 AalfNF
C NxI IMPLIES 9112 -- X112 ELECTRONIC TRANSITION
C tNa2 IMPLIES 93/2 -- X312 ELECTRCNIC TRANSITION
C THERE SHCULC BE AS PANI R-CENTACIDS AS FRANK-CCNDCN FACTORS

D0 60 Izl,RF1
READ CZ,) (CNTF(NfIIP) ,TP~lfNF2)

80 CONTINLE



10 CONTINUE
CALL CLOSEC?)

ENDIF
WRITE(f,*) 'INCLUDE NOt%-BOL7ZMiANN CCNTRIPUTION IC 9OTAlIONAL'
WRITECto*) 'LEVELS AS SPECIFIEC BELCW ? YES (1) NC (0).1

READ(6.'*) IFPEPT
IF CIFPERT.Eg.1) THEN

kRITE(6r*) 16IAT IS THE FSEUCC RCTATTCNAL TEPPERAIURE (K)''
READC&p*) TRF
URITE(6o*) '6HAT IS THE RELAT HEIGHT CF 2ND EXP FCR PCT DIS'!'
FEAD(6#*) VAR
URITE(6,') 'AT WHICH PCT. LINE OCES CCNT. TAKE EFFECT'
PEADC6,*) VARi
VAR2=VAR1 -1

E NC I F
WRITECer*) 'PUBLICATION QUALITY (GRAPHS BLACK) YES Mp) NC (0).'
READ(6o*) IFPUE
WRITE(do*) 'DO YOU WANT TO PLOT THE THECRE'TICAL AND EXPERIPENTAL'
WRITE(eo*) 'SPECTRA ON THE SAME GRAFH? YES (1) o NC (0)
READ(6p*) IFDATA
IFCI FDATA.EG.1) THEN
WRITE(dr*) 'SPECIFY THE THE AVERAGE NUFEER CF EACKGROUNC CCUNTS'

WRITE(tp*) 'PER PIXEL TC SLETRACT FROP' YOUR DATA. CC TPIS FY'
WRITE(6o*) 'FIPST SPECIFYINC THE iNITIAL NLP'BEP CF COUNTS TC'
WRITE(eo*) 'SUE1IRACT AT YOLF MIKIP UP WAELENGTP'
READ(6p*) EKGRNC
WRITE(6,*) 'NC6 SPECIFY THE SLCPE CF TYE LINE CF THqE'

WRITECfp*) 'AVEFAGE INCREASE IN COlJNTSIANSTROM'
READ(6p*) SLOPE
WRITE(ef*) 'YCL9 SFECTRAL DATA IS ASSUPED 7C BE IN THE
WRITE(tr*) $FILES NAMED IN : FILE.CPA. NOTE TPAT IT IS'
WRITE(d',*) 'ALSC ASSUMED THA THE FIPST FILE LISTED IN FILE.OMA'
WRITE(dr*) 'CORFESFONDS TO THE LCWEST WAVELENGTI ANC SC ON
wRITE(dp*) 'IT IS ALSO ASSLPED THEFE ARE NC GAPS IN WAVELENGTH'
WRITE(dr-) IBE7'6EEN CONSECUTIVE OM4A FILES.'
E N 01F
IF(IFDATA.hE.1)THEh
WRITEC6r*) 'CALCULATING THE SYNTHETIC SPECTRA...'
WRITE (d.*) 'CAUNCh.. .CRUNCH.. .CRUCH ...

E N CI F
ELSE
WRITEC6,*) 'WHAT IS THE NAPE CF YOUR INPUT FILE (TYPICALLY lo

1'1INPLT.DAT)?l
READCUP35) IFILE
CALL ASSIC*N(2oI FILE)
READ(2,'*) WMINWMA XjrlESr)TVpYTP
READU2,35) NTIlLE

35 FCRPAl(A3C)
36 FCRlPAIC1XA3C)

READC2p*) IFDISIERANCHENVH1 ,TKXPGAPMA2
READ(2,*) IFEXCITP IFCENTR
CALL CLOSEC?
WRITE(6p*) 'THE INPUT.CAT FILE HAS THE FOLLOWING VAPIAELE'.
1' VALLES:'
WRITE(6o*) 'TbE PLOT TITLE IS1:
WRITEC6,36) %TITLE
WRITE(6f') 'LCFENIZIAN(D) CR CAUSSIAN(1) CIS. 2:*oIFDIS
wAITE(6p*) 'TPE ENVELOPE HALF WIDTH- CF DIS. :,VH
wRITE~dp*) 'THE 8FANCHING IS GIVEN EY'
WAITEC&'*) '1) 2PI--2PIHLh0S CASE A 4:,IlBRANCH
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IRITE(6o*) *THE MINIMUF WAVELENGTHMA IS 5:'WM~IN
bRITE(6,*) 'THE IMAX114UP WAVELENGTH(A) IS W:'WMAX
IFDEF~l
WRITE(6,*) *THE MIN RESOLUJTION IN ANGSTOMS 7:9oRRES
WRITECE.*) 'THE VIBRATIONAL TEPP (KELVIN) IS Wo'XTV
WRITE(6,*) 'THE RCTATIONAL TEPP (KELVIN) IS 9:',-XTR
IF(IFCIS.EQCO) THEN
WRITE(6,*) IGAPMA**2 IS lC:',GAPIPA2
ENDIF
IF(IFCIs.EQ.1) THEN
kRITE(6,*) 'THE 6AS KINETIC TEMP (KELVIN) IS ll:*,TK
WRITEC6,*) 'THE ICLECULAR W~EIGHT CGIMOLE) is 1?:0,xm
ENDIF
WRITE(6,*) 'THE UPPER STATE VIBRATIONAL LEVELS'
WOITE(tp*) 'ARE IN EQUILIEFIUP (0) OR THEY ARE'
WRITEC&p*) 'EXCITED (1) 1!:*,IFEXCIT
WRITE(6,*) 'INCLUDE R-CEN7RCIDSYES(1 ),NO(C) 14:0,IFCENTR
WPITE(6,*) '***WHICH OF TIME ABOVE VARIABLES DC YOU',

'WANT TO CHANGE? TYPE 0 'bHEN YOU ARE FINISHEC''
2 ' AKING CHANGES. ENTER NLFBERS ONE AT A TIME.'
DC 15C 1=1*14
READ(d,*) IVAR
IF(rvoR.Ec.0) GO TO 16C
IF(IVAP.EQ.1) THEN
URITE(6oA) 'PLOT TITLE:'
READC6,3!) NT1TLE

ENDIF
IFCIVAR.EC.2) THEN
bRITEC6po) 'DISTRIBUTION (0 OR 1):
READUP0a MFIS
IFCIFDIS.EQ.C) TPEN
WRITEC6,*) 'REMEPSER 70 PCOIFY VARIAeLES 11 AND 12'
ENDIF

ENDIF
IF(IVAR.EC.3) THEN
bRITEC6,*) 'ENVELOPE HALF WICTH (ANGSIROPS):
READ(6,*) ENVh1

ENDIF
IF(IVAR.Eg.4) THEN
NRITE(6,') 9EFANCHING IS:'
READ(6o*) ISFANCH

ENDIF
IFCIVAR.EC.5) THENk
IRITE(6o*) 'PIN bAAVELENGYM (AfiGSTFOMS):9
READC6o*) WMqIN

ENDIF
IFCIVAP.Eg.6) IHEN
6RITEC6o*) 'FAX UAVELENGIH CANGS70OPS):
READ(6p*) UPA)

ENDIF
IFCIVAR.EQ.7) INEN

kRITE C6oi) 'RESOLUTION (ANGSTROMS):*
RJEAD(6,*) ORES

ENDIF
IF(!VPR.EQ.S) THEN
INRITE(6o*) 'VIB TEMPERATURE (KELVIN):4
READ(6,*) XTV
EDIF
IF(IVAR.EQ.9) THEK
URITE(6,4) 'OCT IEP!PERATLRE (KELVIN):
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READC6p*) XTR
END IF
IF (lViR.*EQ.*10) THE N
IkRITE(6eA) ICAPMA**2 IS:*
READC6p*) GAPPA2

E hD I F
IF(IVAP.EC.11) THEN
bRI7E(6o*) 'CPS KINETIC 7E~wPERATUFE (gEL'flN):'
PEAD~dp*) TK

E ND I F
IF(CIVA R.EC.*12) THE N
6RITE(6,*) *PCLECULAR WEICHT (GRAFS/1'CLE):
READ(e,*) XcP

I F(CIVA R .EG.*13) 'THEN
URITE(6,a) 'UFERSTATE VIERATIONAL EXCITATIVil
U RITEC(6,4) 9ECUIL I ERI L" C), NON-ECUILI BF IUM M1:'
READ(6o*) IFEXCII

E ND I F
IF CIVAR.EC.14) THEN
W;lTE(6,*) 'INCLUVrE R-CENTACICS? YES(1 OF NOCC):*
REAC(6o*) IFCENTP
ENOIF

150 CONTINLE
160 CONTINLE

IF(IFEXClT. E.1) THEN
CALL ASSIGN(2, 'PCPLTN.WT*)
READC2p*) NVIE

C NVIE IS THE NUfrEER CF 'VIRPTIChAL LEVELS IN THE UPFER STATE YOU HA'VE
C WEIGHTS FOR. ALSO THERE IS CNE SET OF %ElGPTS FOR EACH TRANSITION.

00 6C N=1,NF

%R ITE (3,*) (kCHT(N,II),II~l,hVI8)
to CONTINUE

CALL CLOSE(2)
EN&D I F
ILF( IFCENTR.EQ.1) THEN
CALL AS3IGNC2p'RCENTRC!D.DAT' )

DO 85 N=1sNF
c N1l IMPLIES 8112 -- X1/2 ELECTPCNIC TRANSITION
C N=2 IMPLIES 83/2 -- X312 ELECTACNIC TRANSITION
C THERE SHOULD BE AS PANI R-CENTOCIOS AS FRANN-CCKDOA FACTORS

DO 9C II=1PNF1
READ(2p*) (CNTR (N,II,IP), IF1,NKF2)
WRITE (,*) (CNTF (NIIpIP) ,IP:1 pNF2)

90 CONTINLE
~5 CONTINLE

CALL CLOSE(2)
E NC I F
WRITE(to*) 'INCLUDE NON-90LIZMANN CCNTRIBUlION TO ACTATICNAL4
6RITE(f,*) *LEVELS AS SFECIFIEC 9ELCk ? YES (1) NC (0).'
READ(6jp*) IFPEPT
IF(i FPfRT.EQ.1) THFN
URI7EC6p*) 06tAT IS TIME FSEUDC RCTATICNAL TEPFERATURE MV)?
9EAD(6,*) TPF
laRITE(6,*) *6IAT IS THE RELA7 HEIGHT CF 2&D EXP FCR PCT CIS?'
FEAD(6p*) VAR
6AITEC6,*) 'AT Wf.ICH ROT. LINE OCES CCNT. TAKE EFFECTO
READ(6p*) VAQi
VAR2: dAR1-1
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ENDIF
WRITECE,*) *PUBLICATION QUALITY (GRAPHS BLACK)? YES (1), NC (0).'
READC6o*) IFPUE
WRITE(6pa) *DO IOU WANT TO PLOT THE THECRETICAL AND EXPERIFENTOLO
WRITECE,*) 'SPECTRA ON THE SAME GRAPH? YES (1) o NC (0)'
READC6**) IFDATA
IFCIFOATA.EQ.1) THEN
WiRITECE,* 'SPECIFY THE THE AVERAGE NUPEER OF eACKGROUhC CCLNTS'
WRITECE,*) 'PEP PIXEL TC SUBTRACT FROM YOUR DATA* CC THIS 6Y'
WRITECE,*) 'FIRST SPECIFYING THE INITIAL NUFBER OF COUNTS TO'
WRITE(d,*) 'SUBTRACT AT YOUR MINIMUP WAVELENGTH*
READC6#*) EKGRNC
WRITE(Ei* 'NOU SPECIFY THE SLCPE CF THE LINE Cf THE'
WRITECtp*) 'AVEFAGE INCREASE IN COUNTS/ANSTPOM'
READ(6p') SLOPE
WRITE(do*) 'YOUP SPECTRAL CATA IS ASSUPED 7C BE IN THE'
WRITECfE,*) 'FILES NAMED IN : FILE.CPA. NOTE THAT IT IS'
WRITEC&p*) 'ALSC ASSUMED TPAT THE FIRST FILE LISTED IN FILE.OMA'
WRITE(do*) 'COFRESPONDS TO THE LOWEST UAVELENG7H AND SC ON I
WRITE~eo*) 'IT IS ALSO ASSLPED THERE ARE NC GAPS IN WAVELENGTH'
WRITECdo*) 'BETISEEN CONSECUTIVE OmA FILES.'
E NO 1F
IF(IFDATA.NE.1)THEN
WP'TE~d,*) 'CALCULATING ThE SYNTHETIC SPECTRA ...'0
WRITE(6p*) 'CPUNCtI...CPUNCH.e.CRUNCH...'
ENDIF

TR=XTP*.695
IFCIFD!S.EQ.l) THEN
VzS OR!(2.494E8*TK/XM)*1 ES

ENCIF
RETURN
END
SUBROUTINE INTENSE
PARAME7ER CAPOTz125)
COPMCNjFACTIF(!,30,30),Y(9,3CO2),G(,p3C),

1 B(9,3C),DG(9p!C)
COPMON/P ITRh C6,!O,3C),-P1C6,NROT),P2(tNPCT),

1 PlINTC6,NROT)#F2IT(6pN'ROT)
COFMCNIC 1QlCENROT)oQ2(tNRCT)r

I QlINT(6pNPCT).,C21N7C6pNROT)
COPMON/A /RlIoeNROT),R2C6,NRCT),Rl INT(6.KROT)#
IR2INT(6pNRCT)PFINT C6,ICOOC),FINC1CCOO),FINXC1CCOO)
COPMCN/TEMPITV#TR
COPMCN/ INPUT/NT ITLE#IFDISIERANCHIPINANfAX.RRES,

1 XTVXIRIFOONEs IFCEFIPINIMAX, IEN10 1ENVH1PV,
2 XN,TKpGAlP'PA2
COPMCN/INDEXINF,NF1,NF2,NToND.NOI
COPPCN/WGHT/1GT (3C,30) .NVIeVIFEXCIT
COPPON/CNTRICNTP C3o3C,3C),IFCENTO
COPPON/EXPCAT11FDATAWAVEC2C,1C30),SPEC(20,103C),WAVCZCCOO),
ISP(2CCCO),hW(2COOC),SPh(2CCCO)vWDAT(2C),SEN(2C)PICCUNIgIIPAX.

2 INf4AXPBKGFNDPSLOPE
COPPION/SP2N/Nc
CHARAC'TER*4C KT1TLE

C
C
C CALCULATE ENERGIES (G) AND 10CLECLILAR CONSTANTS CE) FCR
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C VIBRATIONAL LEVELS
C

NMAX=1AXCNF1 ,NF2)
00 10 FP1.ND
DO 20 IcloNIPAX

GCP, 1)=C.

00 30 L1,oNOI
C

IEP=L-1
XIZFLOAT(I)

C WRITEC3p*) 'GpPprs'pG(p.XI)oMrI
30 CONTINLE

WRITEClo*) ', I'.C~),,
C
C CALCULATE TPE ENERGY DIFFERENCE CDG) BET6EEN VIeFATICNAL
C LEVEL I AND THE LOWEST VIBRATIONAL LEVEL WITHIN THE ELECTRONIC STAT
C

DGCMpI)GTEI)-.CMfl)
WRITEC!,*) * DGpP, I*',DGCMI)ftqI

C
20 CONTINLE
10 CORTINLE

C
C CALCULATE TP'E VIERAIINAL LEVEL TRANSITICN CTR)
C FRECUENCIES EEThEEN THE UPPER AND LCUAER ELECTRONIC
C LEVELS -- HUNDS CASE A.
C

NN:1
DO 4.0 N1,NKF
DO 50 I=1,NF1
DO 60 IP1,PNF2
TRW(CNoIpIP)xGClvh~1,I)-6 CNNvIP)
WRITE(!P*) 'TRAhS'oTRWCNp laP) ,NIfIP

C NOTE: EP-BPP<C FCF RED DEGRADED BANDS
C PP-BPP>C FCF BLUE DEGRACED eANCS

WRITEC3o*) *BP-EPPs'f9(NN*1,I)-8CNNpIP)
60 CONTINUE
50 CONTINLE

NN=N N *
40 CONTINLE

C
C DETERINE THE PIN AND MAX EXTENT OF THE FESH IN ANGS'TOMS
C IF NOT SET IN THE INPUT
C

IFCIFDEF.EC.C) THEN
WMIN=1E2O
WMAX =C.

DO 41 hu1,NF
DO 51 !1,PNF1
DO 61 IPmlpNF2
XW21.EeITRh CNP!,IP)
WmAX 2 mA N CK hUmAxN)
WMINzMINXIdMIh)

61 CONTINUE
51 CONTINUE
41 CONTINLE

RRESz(UChMAX-hMIN )/2C00.
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ENDIF
WRITE(3#*) 'RES:'.PRES, 'WMIt~u',WpAN,'WPpXx',WMqp)
IFCENVP41.EC.C.C) ENVH12RRES*4O.
IENVHzINT(ENVH11RRES)
IMIN=IFT(CWPIN4.1*RRES) /RRES)-XENVH
IfqAXzINT( ( 4AX4.1*RRES) IRRES)4IENVH
WRTEC!.*) 'EN I1=',ENV1,'PIIoP1N'IfAX' IM4AX

C
C REAC IN THE EXPERIMENTAL WAV~ELENGTHS AND PHCTON COUNTS IF
C THE SYNTHETIC SPECTRUM IS TC BE COPPARED W171- E)IPERIPENIAL
C RESULTS.
C

IF(IFDATA.EQ.1) THEN
CALL LCADFIL
WRITEC6p*) 'SPLICING AND CALIeRATING THE EXP SFECTRAL FILES...'
CALL SPLICE
CALL 6EIGHT(WPINo6MAX)

WRITE(fo*) 'CALCULATING THE SYNhTHETIC SPECTRA...'
WRITE(dp*) *CRUNCH ... CRUNCR. ..CRUNCH ...'
ENDIF

C
C FOR EACH~ VIERATICNAL TRANSIION CALCLLATE THE MLLTITLDE CF
C TRANSITICNS CUE TC FCTATIONAL SPLITTING CF THE VISRATiONAL
C LEVELS AND CALCULATE THE RELATED INTENSITIES.
C

WMINE=:IN2*E'iHl
WMAXEuUFAX42*E',H1
NN=2
DO 75 Az1,NF

C THE EQUILIBRIUM POPULATION CF NS112 AND ?'S312 LEVELS
C ARE NCT THE SAME. THE RELATIVE NUMBEER CF MCLECLLES IN
C EACh LEVEL IS EASILY DETERMINED USING THlE ELECTKCNIC
C DISTRIBUTION FUNCTICN. AT !CC DEGREES KELVIN IT SHCWS
C THAT IF THE POPULATION OF 1451/2 IS GIVEN BY 1o THEN THE
C POPLLATICN CF NS/2 IS GIVEN BY .6 . THEREFCRE, THE
C N'S IN THE IERZEERG INTENS1TY FCRMULA DIFFER AS PENTIONED
C ABOVJE BETWEEN TkE 112 AND 3/2 LEVELS.

IFC14.EG.1 )IHEN
FELEC~1.
ELSE
FELE CZ.6
ENcrF

C DETERIFINE THE NCFIKALIZATION FACTOR FOR eCLTZPAN
C EQUILIBRIUM. CISTFIBUTION OF POPLLATIONS IN THE UPPER
C STATE

Z2C.
DO 70 JJ1,PNF2-1
Z=Z+EXF (-DG CNN,.JJ)/TV)

70 CONTINUE
DO 80 I:1.NFI
Do 90 IPz1,pNF2

IF(WIL.LT.tPSINE.OR.WIL.6T.NMAXE) GC TO 50
C
C THIS IS THE NCFFALIZED POPULATION FCR EACH VIBRATIONAL LEVEL
C IN THE UPPER ELECTRONIC STATE
C

IF(IFENCIT.EQ.C) TPEN
EXPVsE:4P(-DG(1NI)ITV)/Z'FE LEC
WGMT(NoI):EXPV

27



E N CI F
C
C IF THEFE IS A thCN-EQUILIBRIIUF CISTRIBUTION OF
C VIERATIONAL LEV~ELS THEY ARE SET HERE
C

IFCIFEXCIT.EQ.1 .ANC.NVI6.GE.I) EXPV=WG4T(NPI)
C
C IF ONE REQUIRES THE INCLUSION CF THE R-CENIROIDS IN THE
C COPPUTATION, OF IHE INTENSITIES THEIR CCKTRieUTICN IS
C TAKEN IhTO ACCCLNT NEXT
C

IF (IFCENTR.EG.1) THEN
RE-1.41 .76711*CNTR(N I, IF)-1 .C3755*CIVIR(NlIFI)*i2

1 +2.C28*CNTF(NplfIP)**3
EXPV=EXPV*RE**2

E N DI F
C
C THE LAMEDA TYPE COUELING OF EACH MULIIPLET(TWO CF THEM NC=1#2)
C IS TAKEN INTC ACCOUNT IN THE NC LCOP. ThE EEFF CF THE F(UNCTIONS
C FP AND FPP CHANGE ACCORDINGLY.
C

Do 72 KC~l1,2
IF(IeRANCH.Eg.1) CALL OCU8LETCNpNNpIpIPvEXPV)
WRITE(3o*) 'FIIPEXPV='.F(NIIP),IIFPEXPV

C
C REDISTRIBUTE INTENSITIES WITH LCRENTZIAN -DUE TC HOPCGE&EOUS SLIT
C RELATED EROADENING
C
C IFCXFDIS.EG.O) IHEN,

CALL LORNTZNCNIip)
72 CONTINLE
90 CONTINUE
eo CONTINUE

NNxfiN+2
75 CCWTINLE

RETURN
END
SUEROUT INE DOUELETCN#NNpI#IPoEXPV)
PARAMEIER(WROT:1 25)
COI'PCNFACTF(!3030).YC9,30,?),G(9,3C),

I 9(9p3C)poE(9p!C)
COP14CN/P ITRht(6a03,30),vPI C6,NROT),-P2CeNROT),

1 P1INT(6pNRCT),p2IT(6pf4ROT)
COPMON/C /Ql(i.,NFOT),C2CtoNRCT)p

1 QIINT C6pNRCT)pC2IhT(6phRO7)
COPMCN/P /R1 CeNROT),R2CENRCT),R1 INT(6.NROT),

1 R2INT(6,NRCT),F tNT (6,1C0CC),FIN(1CCCC),-FINX(C1CCOO)
COMMON/TEPIF/TVPIR
COPMCN/INPI.7/NTITLEIFDISieRAhCHPbPINohMAXRRES,

I XTVX1RIFONtEIFDEFIPrNIMAX, IENVHENH1VP
2 XPp.TKoGAP.PA2
COPMC0N/INOEX/NFNFP NF2,NTNDND1
DATA OEDEPAPAPP/1 .2E-6,1.3E-6,149,7i285.e1

C YY ANC YE ARE THE LOWER AND UPPER STATE SPIN CR911 SPLITTING
C WAV~E NUMBERS.

DATA P#PEoVYYE/1 .1 ..221 .5p90./
C DATA FpPE#YYoYf/1.sI .,oO0CCplCCOC/

CHARAC7ER*4C hTITLE
IFCN.EC.1) THEN
Zu.5
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ZEz. 5
ELSE
Z-1.5
ZE:1 .5
ENDIF
DO 100 JB1,NROT
IFCN.E4.1) THEN

C N EQ I1 PEANS WEIRE DOING SP11/2--XPI112 TRANSITIONS
c Pi-eRANCH

RzFLOATCJ)-.5
RE=R-1
P1CNJ)*TRWCN,1,IF)+FP(R-1,NNIPP'YEOE)-FPPCRNNIPepYY,-DEP)
FR=PI(N*J)

C NOTE: THE CCMPILER 4AS HAVING A PRCBLEF RECCGNIZINC P1 IN THE
C XI FUNCTION CALL UN71L I SET F~xP1CNoJ) AND PASSED FR IN THE
C XI FUNCTION CALLP AS YCU SEE aE'LOW. BEFCRE THE CHANCEr AT RUN
C TIFEf FR WITHIN THE XI FUNCTION CALL. WAS UNDEFINED aZERO.

CALL AINTCSJpFb.RpZYYRE#PEpZE,,YE)
PIINT(N.J)aXICIeNN,IePoSJoFRRE.EXPVVY)

C URITE(6f*) *SJ OF P1u'PSJ
C WRXTE(6p*) NoJpPI(NfJ)oPlINT(%pJ)
C 01-ERANCH

RE=R
Q1CNJ)=T~thCN,1,F)*FPCRNNIPYEDE)-FPPCRNNIPPVYDEP)
FP01 (No,J)
CALL A INTCSJpFRvZpYYpREpPEoZEr-YE)
QIINT(NJ)xXI(NNNIIPSJFRREEXPIVY)

C RI8BRANCH
R EuR 41 .
R1(NJ)zTRW(No,,IP)FP(R4.NN,-IPPYEDE)-FPP(NNIPPPYYCEP)
FR=Rl (NoJ)
CALL AINTCSJ.PpRoZpYYpREoPE.ZEYE)
RlINT(NJ)*XI(NPNN.IIPSJ.FRREEXPVYY)

ELSE
C N EC 2 MEANS WEORE COING BPI3/2--XFI3/2 TRANSITIONS
C P2-ERANCH

RzFLCATCJ)4.5
REaR-i .
P2(NaJ)=TRW(NoxIF)4FP(R-,NoxPoPfYEPCE)-FPP(p,NNIP~PFyYDEP)
FRzP2(NPJ)
CALL AINT(SJ.pFRp?,YYpPEpPEoZErYE)
P21NT(t4,J)3Xl(NNNI.IPSJFRREEXPVYY)

C URITE(6f') *SJ OF P2=OSJ
C WRITE (6o*) NvJpP2 (NvJ)pFN*P2INT(NfJ)
C 02-eRANCH

RE=R
02(N.J)NTRWCN.1,IF)+FP(RNNIPoPYEDE)-FFPCR.NIPPYTCEP)
FR. 02(NoJ)
CALL AINT(SJoPpRpZYYpREpEpZfpYE)
021NT~hpJ)*XI(NNfNPI*IPPSJPFRPRE*EXPVPVY)

C RZ-ERANCH
REzR*1.
R2(NJ)zTPW(N,3,IP)+FPCR.1,NN,1PFYECE)-FPPCPNN,!PPPYVDEF)
FR. RZ(N*J)
CALL AINTCSJpP#Ro2,YYpREpPEpZEvYE)
R21NT(NJ)sX!CNNNIIPSJFRREEXPVVY)

END! F
100 CON~TINUJE

RETURN
END
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REAL FLNCTICN fF(R,NN,I,D,'EpDE)
PARAVEl ER (N ROT125)
CCIPICN/FACI/FC!.3O,-3O),YC9,!C,2),G(9,3C),
1 9C9P3C)DGC9,3C)
COP!!4CN/P /TRh(61 10,3C),Pl (6.FdRT),P2(e&NRCT),

1 P1 INT(6,NPCT),F2IhTC6,NROT)
COf'MON/SPIN INC
!F(PA.LT.) FFTIRN
IFCNC.EQ.1)THEN
BEFFz9B(NN,T)*(1.+B(NN.I)/(F*ABS(YE)))
ELSE
9EFF=B(NN,1)*C1.-B(NN,I)f(FaABS(YEf)

END IF
FP:BEFF*R*(R*1)-DEAR**2*(R41)*12
RETURN
END
REAL FL'NCTION FFPCR,NN, IPPP,YYPDEP)
PARAIOE1ERCNROT=125)
COPVMCN/FACT/FC!,30,30),Y(9,3C,2),G(9,3C),

I 3(9,3C),DG(9p3C)
COPvMCNIF /TRb(6,!0o30),PI (6pNROT),P2(eVNRCT),

1 P1INT(6pNPCT),F ZIhT(6pNROT)
COPIMCN/ SPIN INC
IF(R.Li.C) QETLFN
IF(NC.EC.1)THEN
BEFF=eCNN-1,tP).C1.+s(NN-1,Pl)/(p-*ES(yy)))
ELSE
eEFFB CNN-i, IP) 'C.-9 (Nt-lpp) l(p*AES (yyv)) )
ENDIF
FPF=BEFFRACR,1)-DE*R**2*CR41)**2

C IFCN.EQ.2) THEN~
C WRITE C6,*) NN,,(N )eN-,P,,F
C wRITEC6,*) ,NI(NI)EC-1P),F
C ENDIF

RETURN
END
REAL FLNCTICN X (N, NN,I,IPoSJoFR,RpEXPVyyy)
COPPON/F ACT/lF0,30, 30),Y(9,30,2) G(9,30,~

1 9C9,3C)pDC-C9,ldC)
COPMCNITEMF/TV,7R
COPIICN/PERT/IFFERT,TRPIFPUevAR,VDR1,VDR2
DATA P*DE /1,1'.2E-f/
IF(P.GE.O) THEN
XI:BCNN,I)ITR*SJ*FP**3*F(N,I,IP)*

1 EXlFC-8CNN,I)'R' CR4 )lTF)*ENPV
ELSE
XI:o

C DUE TO PERHAPS A SLCWLY RELAXING NASCENT DIST. CR FERHAPS
C DUE TO CURV~E COCSS114GS(?) AT R VALUJES GPEATER TYAN APPRCXIPATELY
C 50 (SEE JEFFERIES) IN V@' = C,1 I&E SEE ADDITICNAL PCFULAIIOKS
C IN THE HrG ER RCTAT!ONPL LEVELS. THIS EFFECT IS APFROXIVATEt eY:

IF CIFPE RT.E C.1) THEN
IFCI.LE.2.AI4D.F.GE.VARI ) T14EN
XlZXlI* AR*E CNN, I) ITRP*SJ*FR.43.F (N, I, IP)*
1EXP(-B(PNI)*(R-VAA2)*CR-VAR2,1 )ITRF)*EXPV

ENOIF
ENCI V

C IFCN.EQ.2) THEN
C WqITEC6,*) 'NNN,1,9(Nh, I),SJ,FR,F (N,i,rp),Expv,R'
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C WRITE (6p') NNNPI,(NNIo),SJFRF(NIIP) ,EXP'd,
C ENDIF

RETURN
END

C
SUeROUY INE A!NT(SJvPvRolY#REvPEfZEpYE)

C THIS SUBROUTINE CALCULATES THE ROTATIONAL LINE STRENGTHS FOR
C DOUeLET TRASNSITIONS.
C DEFINITION Cf SYMBOL; IN AINT SUBROUTINE:
C INPUT CONSTANTS (LCWEP STATE IS A SINGLE LETTER: EXCITED STAT
C HAS AN ADCED E):
C RoRE - ROTATIONAL QLANTUP NUPBERP J (POSITIVE HALF INTEGER).
C SELECTION RULE: DJ=Oo1,-1
C PePE - ANGULAR PCMEKTUM CF ELECTRONIC STATEP LAFCA (POSITIVE
C INTECER CS ZERO). SELECTION RULE: DLAPDA:C,1,-1
C ZoZE - TCTAL AN6LLAF MOMENTUP OF THE ELECTRCSp CMEGA
C (HALF INTEGER a LAMDA + CR - .5)
C 'VYE - DIMENSIONLESS SPIN ORBIT CCUFLING CONSTANTLAPDA.
C FURE CASE A, LAMDA1lCCOO. PLRE CASE ef LAMDA<E-5.
C OUTPUT:
C SJ - ROTATIChAL LINE STRENGTH FACTOR
C

sJ:o.o
SL=P-PE
IF(AeS(SL)-1.O1)1,1,35

I SRzR-RE
IFCABlSCSR)-1.O1)2p2f35

2 IF(ABS(Y-9999.C)5o5P3
3 IF(ABSCYE)-9999.O)13p13p4
4 IFCA8S(Z-ZE)-.Cl)1.3rl3p35
5 IF(ABS(Y)-.C0GCV)6p6pl3
6 IF(ABSCYE)-.00CC2)?f7,13
7 IFCA8S(R-Z)-.01)1O,1O,8
8 IF(AeSCRE-ZE)-.C1)1O,1O,9
9 IFCASCSR-SL*Z-ZE)-1.O1)10slC,!5

1a IF(P-.Cl)llo11,13
11 IFCPE-.O1)12,12o13
12 IF(AeS CSR*Z-ZE)-.O1 )35, 35o13
13 IFCR-Z4.C1)35#14pl4
14 IF(RE-ZE4.C1)35,15pl5
15 AJ=RE+1.0

S=P-.5
SEzPE-.5

16 IFCABS(SL)-.O1)23fl?,17
1? IFCAeS(sR)-.C1)18,21,21
18 gz.S*SCAT((AJ+SL*Sf)*(RE-SLaSE)

1 *(RE+PJ)/(RE'AJ))
GO TO 27

19 Qs.5*SCRTC(AJ*1 .4SL*SE) *(AJ4SLaSE)IAJ)
GO TO 27

2C QuSE*SCATC(AJ*§E)/(RE*AJ))
GO TO 27

21 IF(SR)22,19#19
22 Ga.*SCPTC(RE-SL*S)*CAJ-SL4S)/RE)

GO TO 27
23 IF(ABS(SR)-.01);0,24,24
24 IFCSR) 26PU26,2
25 QmSOPTC(AJ*AJ-SE*SE)/AJ)

GO TO 27
26 GaSORT(PE*0E-S'S)lRE)
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27 S121.0
SK2'1 .0
SIES1.C
SKE21.C
IF(ABS(Z-S)-.O1 )30p30o28

28 SIC-1.C
IF (Z-S4 .01) 292, 3C

29 SK:-1.C
30 IFCA9SCZE-SE)-.C1)!3,33o

3 l
31 s IE = -1 .C

IF(ZE-SE+.CI)32o32o33

32 SKE1-.C
33 S=S+ 1

SE aS E +1
SJ:SJ4I( SISKP RA ) *Q* (SIE ,SK EPEs RE ,?E)

34 SJZSJ*sj
35 RETURN

END
REAL FUNCTICN 7(SISKPRoY)
IF(P-.CI)6,6,1

1 IF(R+.49-P)9,9 o2
2 Ai =2 .*P~1.

IF CALS (Y)-.C0OC2)8o8o3
3 SL=YIAeS(Y)

TFCASS(Y)-9999.C)4#4,
7

4 GA=Y*P*PIAJ'-R-.5
GB=.5*SCRTCAJ**2+Y*(Y4.)*F*P)

5 BK%-1./SCRT(2.*GE*AJ)
TzBK*CSCRT((Ge-SZ.CA)*(P.5SL*P))+SI
l*SQRT((G94SI*GA)*(p+.5+SL*P)))*SK

GO 10 ic*
6 T=SI/SQRT(2.0)*SI(

GO TC 10
7 GA=SL*P*P/AJ

Gem.5*F
GO TO 5

8 TsS1*SK*SCRT C(4,.5-SI*P)IAJ)
GO TO IC

9 Tz*S*SK*(l.*S1)
IC RETURN

END
SUBROUTINE LCRh7ZN(N,IIP)
P AR A ETER C FOTul25)
COPPON/FAC'/F!30,30)DY(9,3C,2),G(

9 ,30 )'

1 9C9,3C)PDC-C9p3C)
COPNMCN/P /TRb C6,10.3C)-PI C6,NROT),P2C6,NROT),p

1 PIINTC6,NPCT),F2UhT(6DNROT)
COPPCN/C /01 Cd,NROT),Q2CdNRCT),

1 O1INTC6pNPOT)fC21%TC6,KROI)
COPMONIP ,Rl1CENROT),R2(E,NRCT),R1INTC6phPOT)I

I R21t4T(6,NFCT),F INT (8 1 lCO0C),FINC1CCCC),FINXC1CCCO)
COFCN/YEMPITV,IR
COPPON/INPUI/NIITLE,IFDISIeRANCH,hPIN,hWAXRRES,

1 XTVX1R,IFVCNEIFCEF,IPIN,IPA)I,IEhVNENVHl,VD
2 XPI,TKoGAPP1A2
COPNIDXN*~oFpThD
COPPCNPEA(/XPEAKCt,3O,!O),VPEDKC6,30,3C),FCN(tCOOC)
CIARACIER*4C tNTIILE

c
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C NORPALIZED LCREhTZIAK"-SLIG4T REDISTPIBUION10 OF
C INTENSITIES

C GAPPAs3.16E1363.16E13
IOIF1P'AX-IFIN

IU=IL+IENVb
XN=WIL
ELSE

IU:IL+2*IEKVH
XN=WIL-ISNVHI*RPES
ENDIF

FMAXZC
FMAXlSC
FMAXCLCxO

RRzC.
Do 110 I1=ILILL
IFCIl.LT.l.CR.Il.GT.IDI F)GC TO 110
RR=RR+RRES
XI1=XNR

C Xllz'.ElE/XI1
Sul$=Q
IFCN.EC.1) THEN
DO 120 J21,N&RCT
0ENOPA=(xrlIE8/F1CN,J))**24GAMPA2
SC=GAMPA2/OENCP
SUp=SUp4SC*P1 INT(NaJ)

120 CONTINUE
Do 130 Jz=doJROT
DENCI CXIIl-i.EE IRl Na) )**24 GAPP 42
3C:GAfAPA2/DENOP
SUpzSUP+SC*A1 INT(N,J)

13C CONTINUE
DO 140 J:1,,NRCT
OENOC=XI1-1.EEIQ1 CN,J) )**246APIPA2
SCzGAMPA2/CENOF
SUp-SUp+SCCQI INCN,J)

14C CONTINLE
EL SE
D0 150 jz1,NRCI
DENOMZ(XI1..1.EEIP2CNJ))**2 4GAPPOA2
SCzGAPIPA2/CENOP
supxsup4sc*P21h7NtNJ)

150 CONTINUE
DO 160 J1,PNRC7
DENOPZ=(xr111Ee/R2l(N,J))**24GAPPA2
SCzGAffPA2/DENOP
SUP:rSUF4SC*R2Ilk (NPJ)

160 CONTINLE
Do 170 Ju1,NRCT
DENCM=(XI11l.Ee/02(N,J))**26GAPPOA2
SCzGAPIPA2/CENCPI
supz SuP+SC*C2I1l(NJ)

170 CONTINLE
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Et4CIF
FIN (II)=FIN CIl)+SUM

C 6RITE (6f') DENZ' ,DENC~1,SCGA1fMA2,02 INTCN,J ) SUM

C FIND THE PAX Iv PCSVTICN OF -CLCISE- PEAKS
FVAXPAX(FIN(Il)oFMAX)
FPAX1=PAX(FCH(I1)vFPlAX1)
IF(FMAX.GT.F1AXOLC.AN.(FPAX1I'AX) .GT..2) THEN
F 9kPAXC L D=FPA X
YPEAK(N,I,IP):PAN(YPEAjKANIIP),#FPAX)

END IF
11C CONTINLE

C
C END CF INTECPATICN
C
c
C FINC THE PEAK CF EACH SPECTRUP LINE
C

FMAX=C
FMAX 1=C
FMAXCLC=O
R R =0.
IL=INT(CWIL+.l*FRES)/RRES)-IIN-IXKl
IU:IL+Z*IXN
XN:W IL- IXN' RRES
VO 5 I1.zIL,IU
IF(I1.LT.1.CR.I1.GT.IDli)GC TO 5
RR=RR+FPES
XII=XN4R
FlAX=P A X(FIN(11),F MAX)
FPAX1~lfAXC FCH( 11)t F!AX1)
I F( FMA X. GT .Ft!ACLC .AND .C FPA X1 /FMAX ) GT..2) THEN
XPEAK (N,IoIP)=XI1
YP EAK (N.,!,IP) rnPA)I( PE AX(N, IIP) ,FPAX)

FfAX CLD=F PAX
ENDIF

5 CONTINLE
RETURN
END
SUBROUTINE GAUSSNCN.I,rP)
PARAMETER (NROT=1 25)
COPOMCN/FACT/F C!,3O 30) ,YC9,30,2) sG(93

i 9(9p3C)pDG(9p3C)
COPMON/IP ITRU ( 6,30,30 ),PI (C6oKROT), P2 (t NPOT)p

1 P1 IWT(6oNACT)pFINT (6,NROT)
CO'fMON/G 101 (,NQOT),GC(,NRCT),

1 01 INTC6oNRCT)pC2INT(6,NRO7)
COPPOCN/R /R1 (&NR0T)oR2 C6,NRCT),R1 INT C6,NROT),

I R2INT(6,NRCT),FINT (6,1COC),FIIN(ICCOC),FINXC1CCCOO)
COPMfCN/TEMP/TVo7R
COPPCNINPLT/NT!TLE,IFDIS,IBRAN,PNohMAXRRESP
1 XTV,XTR,IFDONE,IFOEFPINpAMAK. IENVj4,ENVHl,V,
2 XP,TKPGAMqPA?
ZOPMOCNIINDEX/NF,NF1 ,NF2,NT,ftDoNOI
CQPI*CN/FEAK/XPEAK~e,30,!O),YPEAK(6,3C,!C),FCN(lCCOC)
CMARACIER*4C NTITLE

C
C NCRFALIZED CAUSSIAN
c

RETURN
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ENC
SUeROUTINE OUTPLT
PARAMETER(NAOT21Z5)
COPf4CN/FACTF(303),(9,3O,2)"G(9,3C),

I1 3(9f3C),DG(903C)
COPMCN/P ITRh(6,!O#30).P1C6,PRCT),oP2(ENRCT)u

1 PlINT(6pNPOT)PF2IhTC6phROT%,
CORMCN/C /Q1 CejNRO1)PQ2(dpNROT)p

1 Q1INTC6,NPCT),G2'*KT(6IIROT)
COPMCNIP /Ri C&NROT),p2CfNRCT),R1INT(6,NROT),

1 R21NTC6oNFCT)oFINIT(6,I COOC),FIN(1CCCC),FlNh)(ICCOO)
CCPMCNITEMF/TV,IR
COIPCN/INPLY/NTlTLE,IFDISoXERANCH4,WPIN,hMAXPRES,

1 XIV,XrPIFOCNE,IFDEF,IPIN, !PAXsXERP,4EPV14,V,
2 XP,TK,GAIIPA2
COPMCN/INDEX/NFNF1 ,NF2,NT,ND,ND1
C0OPON/PEAK/XPEAK(Ct,30,3C),YPEPKC6,30,'C),FCH(lCOOC)
COMM ONUGH/WGT(C,O) AV ISIF EXC I
CQOFMCN/CNTA/CNIFC3,30,3C),IFCEhTR
COPMCN/EXPCAT/IVDATA,WAlE(2C,1C3O),SPEC(2O,103C)WAViC2C0),

1 SF (2OCCO),l.WC2CCCC),SPhW(2CCOO),WDATC2C)PSEN(2C),ICCUNT.!IPAXP
2 IhMAX,EKGPKD,SLOPE

CPCNiPERT/IFF E T,T9PIF PLE, VAR VA~i, vP 2
DIVENSICN F INY(j0%"CC),YVPAXX(3O,3C)
CHARACTER*GC NTITLE

C
C

CALL ASSIGN C7,'CUTPUT.SPECI)

C
C WRIIE INPUT FILE FOR CON71NLATION RUKS

CALL ASSIGWCZ,'INPUT.DAT#)
WRITE(2,*) WpoIhPWMAX,RPES,)ITV,lTR
WRITE(2o3S) NTITLE

35 F0PMATCA3C
WRITE(2o*) IFD!s,r!RANCfNiENldN1,TK,XPGAP'IA2
WRIIE(2.v*) IFEXCIT,IFCENTR
CALL CLCSECZ)

C
C NORPALIZE INTENSITY
C

YMAXC0.
YMIN=1.E20
LMN=ItX-IPIN
LMNtLPN-?' IEhVI

C DC 10 11,PLMNK
Do IC I=IEN JH,LPN-IENVN
YMAXSAMAX(FINCI) ,YMAX)

10 CONTZNLE

WMENzWP IN-E NVN1
C DC 2C Iz1sLMNh

D0 20 I*IEh'Vit4LPN-!ENVM
1121 1+1
F~hXCI1)zWPEN0fLOA7C!-1)*RPES
FIN (IX)uFIh(I) ,YMPX
WRITE(?,*) FINX(r!) (FINY(IT)
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20 CONTINUE
C
C NORPALI2E PEAK INTEhSITIES
C

D0 25 hzINT
DO 24 11,NFI
D0 23 1P1,PNF2
YPEAK(NgIIF)=YFEAR(N,r,ip)IymIx

23 CONTINUE
24 CONTINUE
25 CONTINUE

YMIN=YPIN/YPAX
YMAX~1.

C
C FLOI THE INTENSITY SPECTRUM AS A FUNCTION OF WAVELEGTH IN
C ANGSTROPS USING CISSPLA.
C

TTV=TV/.695
TTP=TR/.69c,

C XLlmAVzUMI%-ENWI
C XL6.AVI=WMAX*EKVH1

XL1.AVPIN
XL6A'V1:h-"AY
CALL PAGE(11,8.5.)
CALL AREA2C10ot.5)
NC'ARINDEX(NTITLE' s
CALL HEADIN (%REF(NTITLE),NCHAR,2.,1)
CALL XNAME(I'WAVELENGTH (ANC-STRCPS)S ,1 CC)
CALL Y&AMEC NORPALI ZED INTEhSITYS',ICC)
CALL GRAF(XLWAVP'SCALE' ,XL6AV1OYMtN,'SCALE'.YMDX)
CALL MESSAQ (#RCI TEMP=S %1CC,7.35,6.25)
CALL REALNC(TTR-4,'ABUT'A0UT')
CALL DASH
CALL CLRVECFINXFIhYLMhNNC)
CALL RESETC'DASho)
WR7(o)IDIFXC~llOToFXI
IF(IFEXCIT.EO.C)T4EN
NV18=12
CALL MESSAG ('VIE TEMP=S',ICC,7.35,6.0)
CALL REALNC(TT*4,*ABU',IAeUTO)
IF(IFCATA.EQC) THEN
CALL RESSAG(9% 1IZ-1/2PCF 3/2-3I2POPl',1C0,7.35v5.75)
YPOSuS.5
C0 2CC JJ=1,N'.Z8
)XPOS7.35
CALL INThCCJJ'-1o)PCSVPOS)
XPOS=XPGS4.3125
CALL REALNO(6GHT(1 ,JJ ),-2,XPCS,.YPCS)
XpCS=XPOS.1 .3
CALL PEALN(GH(2,JJ),-2oXPCSpYPCS)
YPOS=YPOS-,2

200 CONTINUE
ELSE
CALL PESSAG('-- SYNTHETIC SPECTRUPS' ,10OO7.35,5.75)
CALL PESSAGCV% 1/2-1 /2PCF 3/2-3/2P0Pl5%1CO,7.35,S.25)
YP CS 5 .0
0O 210 JJs1,hlVI9
XPC 5: 7*35
CALL INTNC(JJ"1,XPOS,YPOS)
XPOS2XPOS4o3125
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CALL FEALNOUHEIT(1.JJ)P-2pXPCSPYPCS)
XPQSSXPOS41.!
CALL. IEALtO(6HT(2JJ)P-ZXPCS#YPOS)
VPCS*YPOS-.2

210 CONTINUE
IF(IFPU8.EQ.C) THEN
CALL SETCLRCPED@)
ENDIF
CALL IMESSAG(' - EXPER. SPECTRUMS'lC.!55.5)

C CALL MARKER(15)
C CALL SCLPIC(.7)
C CALL CURVECk~fSFPINPAXoINMAX/lCC)

CALL CURVE(W6#SPkfrNPRAXC)
WRITE(7p*) 'EXP UAVELENG7NIP EXP FHCTCN CCUNIS'
00 27 Ilzl1,INPAX

27 CONTINUE
ENDIF

ENDI F
IFCIFEXCIT.EQ.1) THEN

IFCIFCATA.EQ.C) IHEN
CALL FPESSAG('"V 1/2-1 /2PCP 3/2-3/2PCP'pl1007.35pd.0)
YPCS25. 75
CO 3CC JJ:1,N' IB
XPOS=7.35
CALL INTf'C(JJ-1,)rPOSPYPOS)
XPOS:=IPOS4.3125
CALL PEALOC(C-HT(1 ,JJ )o-2pXPCSfYPCS)
XPOSZXPOS*1.3
CALL PEALNCC(ENT(2oJJ),-2,XPCSYPCS)
YP OS=YPOS-.2

300 CONTINUE
ELSE
CALL PESSAGC'-- SYNTHETIC SPECTRUP*S'o100P7.35*6.C)
CALL IESSAGC'% 1/2-1/2PCF 3/2-312P0P5%COP7.35P5.5)
YPCS:a 5. 25.
00 31C JJ:1,NhiIB
XP CS: 7. 35
CALL INTNC(JJ-1,XPOSPVPOS)
XPOS:)IPOS4.3125
CALL PEALO(IGHT(1,JJ)P-2,XPCSPYPCS)
XPOSZXPOS41.3
CALL REALNC(hGHlT(2pJJ),-2,XPCSPYPCS)
vpcs=YpOs-a2

310 CONTINUE
IF(IFPUS.EG.C)THEN
CALL SETCLR(CFEDI)

CALL PMESSAGQo - EXPER. SFECTRUMS'P1OCP7.35p5.75)
C CALL MAPKER(15)
C CALL SCLPICC.7)

CALL CURVE(WbSPbINFAX#C)
WRITEC7*) fX)P UAVELENGYP EEP FHOTCN CCUN7S*

127 CCNT:NUE
ENDIF

ENDIF
CALL NEIGHTC.Ce)
CALL AN6LE(90.)
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xP41.7*.O07353'(WMAX-WMIN)
YN=.025
CALL SE1CLPRCBLLEO)

C FINC WHERE LINE YRAKSITICN PqLMSERS UILL CVERLAP AND ELLIFINATE TO'E
C CVERLAPPING NumeERS

Nzl
NN=2
DO 4C !1,oNFI
DO 50 1P1,PNF2

IFCAES(XPEAKCN,!,Ip)-XPEAKNIIP)).LT.XN)T4EN
hR17EC3o*) 9BS(JcPl/2-XF3/2),XNPx,!F=',AeS(XFEAK (N,!, IP)-

PEAK(NNPIPIP))rXNpI, IP
YP EAK CNN, I.IF ) YPEAK CNNi I, I) *1C

50 CONTINLE
40 CON4TINUE

C WRIIE T E NCK-0 ,ERLAPPING NLPBERS CN Tl-,E PLCT
N~1
DC 60 I~lPNFI
DC 70 XP=1,NF2

IF CXLWAII.GT .XPEAK (N, IP) .CR.XL'uAVI.LT .XPEAK(N, IIP))
1CC TC 70
IF(YPEAK(NoIIF).LT..001) GC TC 7C
Ic= I-i
I F0 =I F -1
XE SSzXPEAK (N,!, F)
YtISSS=1.+YN
CALL 9LM4ESS(*(',.1,XPESSPYPESS)
CALL FLrh7(Io, 'ABLT'P'ASU7')
CALL 9Lf*ESSCl'fo,,ABUT'o'AeU1')
CALL PLIN7I CPC'AEUT','ABLT')
CALL FLMESS(*)1/2V1eOLAEUT', 'AEUJT')

70 CONTINLE
60 CONTINLE

N=2
DC 80 I11,NF1
DC 90 1P1,PNF2
IFCXLWA V.GT.XPEAK (N IIP) .CR.XLWAVI .LT..kPEAK (NIIP ))
IGO TC 90
IF(YPEfiKCNPIPIF).LT..OCI) GC TC 90
IF(CYPEAKCP4.lpIP) .LT.8) THEN
ICXI-1
IpO=IP-1
XPESS2XPEAKCNlIF)
YNESS 1. *YK
CALL PLMESS( ('oloXMESSPYwESS)
CALL ALlN1(ICpA9LTPBUT')
CALL pLqESS(#'o1A6UT'P,AeuT,)
CALL FLINT CIPC#'APUTpABL14)
CALL RLMESSQI)!/2S'P1CCAPEUTP'AELT )

EN I F
90 COKTINLE
80 CONTINUE

CALL RESETC H4EICHT')
CALL RESETCOANCLE')
CALL ENDPL(-1)

C
RETURN
ENC
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SUBROUIINE PLTDEV CNAMDEV)

* (DEFINE SUBROUTINE HERE !!!)

* WRITTEN EY:

* FRANK J. SEILER RESEARCH LASCRATCRY
a LNITEC STATES AIR FORCE ACADEWY
* COLORADO SPRINGS, COLCRADC IC84C

* INPUT PARAMETERS:
a NAMDEV - OUTFUT DEVICE CHCSEN BY USER
------------------------------------------------------------------- ------------

CHARACTER*45 NAMDEV

a LOCAL VARIABLES:
a IBUF -

* IERR - ERFCR hUrBER
a----------------------------------------------------- ----------- -----------

INTEGER IBUFsIIIIEFR
DIMENSION IBUF(16)

*.aa*aa*aaaaaaaaa***aaaaaaa*a**a*******aaeaaa***aa********t*******

CHARACTER FELL
BELL = CHAR(?)

a TERMINAL DEVICES
IF (NAMDEV .EC* 'VT 240") GOTC 21CO
IF (AODEV .EC. 'TEKTRONIX 41U7) GCTC 22CC
IF (%AMDEV .EC. OTEKTRONIX 4C104) GOTC 23C0
IF (NAMDEV .EC. 'VT 1C0 FETRC') GCTO 240C

* HARDCOPY DEVICES
IF (NAMDEV .EC. 'PRINTRONICS') GCTO 31C0
IF (NAPDEV .EC. 'HP 7550') GCTO 320C
IF (NAMDEV .EQ. 'HP 74751) GCTO 3300
IF (NAMDEV .ECe 'ANY ASCII PRINTER') GOTC 34CC
IF (NAPDEV .EG. 'POST PRCCESSOR') GOTC 41CO

a ERROR, QUIT
GOTO 910C

aa----------------------------------- - a- -----

a TERMINAL CEVICES

a VT 24C

2100 CONTINUE

SET CCNFIURA71CN 10 STANDARD 1/0
IBUF(1)=C
CALL IOMGR(lELFo-102)

CALL VT240

GOTO 990CC
--------------------------------------------aa a-

a TEKTRONIX 41C7

2200 CONTINUE
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SET CCNFICURATION TO STANDARD I/O
IBUF(1)=C
CALL IOMGR(ISLF,-102)

CALL TK41 (417)

* FLOT CRIENTATION - ALTO : ALTO ACCORDING TO PLT SIZE
* CCFIC: X AXIS HORIZONTAL

PCVIE: Y AXIS HORIZONTAL
C CALL HWCT(OCCMIC ° )

GCTO 99CC
------------------------------------------------------------------ -------------------

* TEKTPONIX 401C

2300 CONTINUE

CALL P401C

GOTO 90 CCC
*--------------------------------------------------------------------------------------

VT 1C2 6ITH G-AP1I1CS RETQCFIT

240C CCNTINUE
* SET CCNFIGURATICK TO STANDARD I/C

* ZIUF(I)=C
CALL I0M'.R(IELF,-1C2)

CALL PD VT

GOTO 990CC
*--------------------------------------------------------------------------------------

2500 CONTINUE

GOTO 990C0
*--------------------------------------------------------------

260C CONTINUE

GOTO 990CC
*-------------------------------------------------------------------------------------

2700 CONTINUE

GOTO 990CC

* HARDCCPY CEVICES
-------------------------------------------------------------------------------------

* PRINTRCNICS

310C CONTINUE

CALL PPN7NX

GOTO 99CC
*--- - - ------------------------------------------------ ------------------- --
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* HP 7550

3200 CONTINUE

* SET CCNFIGURATICN TO SPOOL
IBUF(1)=5
CALL IOPER(IXELF,- 102)

* SET FILE CPEN MCCE
a 3 - NC CVERWRITEP CREATES NEW VERSICN SLMBER
* C - APFEND TO FILE

13UF (1 )= 1

CALL ICl*CR(IELF,-1C4)

a SET PLOT FILE NAPE
DO 3220 I11,16
I8UF( II)xC

3220 CONTINUE

PRINT '(////)@
3240 CONTINUE

FRINT '( oS',,
'' E TER PLOT FILE NAPE OR 0 TO QUILT: ,,,), BELL

READ(5, '(14A4)', ERR=93CC) (IeUF(!I), II1, 14)
C IF (IEUF(l) .EQ. )

CALL IOP*R(IELF,-lC3)

CALL HP7550 (1)

a FLOT CRIENTATION - ALTO : ALTO ACCORDING TO PLT SIZE

a CCIPIC: X AXIS HORIZONTAL
* POVIE: Y AXIS HORIZONTAL
C CALL HWRCTC*YCVIE')

GOTO 99CCC

* HP 7475

330C CONTINUE

SET CCNFIGURATION TO SPOOL

IBUF(1)zS
CALL ICMGR(IELF,,-102)

a SET FILE CPEN PCCE
a 3 - NO CVERWRI1,, CREATES NEW VERSION NLFBER
a 0 - APFEND TO FILE

IBUF()=3

CALL IOMCR(IELF,1C4)

a SET PLOT FILE NAME
tC 3!20 II=1,16
IBUF(II)2

3320 CCNTINUE

PRINT '(l/l)o
3340 CONTINUE

PRINT C'S's
4 ENTER PLOT FILE FAME: *'*A)** BELL
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READ(5, '(14A4)', rRR=94CC) (IUF(II), I1I1, 14)

CALL IOMCR(IELF,-103)

CALL iP7475 (1)

* PLOT ORIENTATI.ZN- AUTO : ALTC ACCCRDINE TO PLT SIZE
* COIIC: X AXIS HORIZONTAL

* POVIE: Y AXIS HORIZONIAL

C CALL PWRCT('POVIES)

GOTO 99CC
*-------------------------------------------------------------------------------

* ANY ASCII PRINTER

3400 CONTINUE

CALL FPRTPL

GOTO 990CC
---------------------------------------------------------

* POST PROCESSOR
--------------------------------------------------------------------------------

4100 CCNTIf.UE

CALL COMPRS

CCTO 99CCC
*-------------------------------------------------------------------

* ERROR HANDLING 4********b** *************************

* DEVICE SELECTION ERRCR

9100 PRINT *(''O'o,
4 21X. ' *** ERROR IN PLOT DEVICE SELECIION ***'0
+ A. A, A)'. BELLr BELL* BELL

ST OP

* HP 755C FILE NAME ERROR-
930C PRINT '(''0''0

4 21X0 '' *** ERROR IN FILE NAPE ***, jA. I,
* 21), ge PRESS RETURN"#, A, A)°, EELL, BELL. EELL

READ(S. 'CI1) ° , IOSTAT=IERP) I
GCTO 324C

* hP 7475 FILE NAME ERROR .....
9400 PRINT '(ego1',

+ 21X, 41 *' ERROR IN FILE NAME ***"o A, l,
* 21X, "' FRESS RETURN"% , A) . EELL, BELL, BELL

READ(S '(i1)'p IOSTAI=IERR) I

COTO 334C

9900C CONTINUE
RETURN
END

C

SUERCUTINE LCADFIL
C
C ThIS LCACS TfiE OPA FILES THAT INCLUDE WAVELEGTH INFCRMATION
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C IT ALSC FLACES THE WAVELENGTH AND COPOESPCNDING INTENSITY DATA

C IN FILES TO EE MANIPULATED Ik SUeR0UTINE SPLICE. IT IS ASSUPED

C THAT THE C14A FILES TC BE PLOTTED ARE PRESENT IN TPE LCCAL FILE

C SPACE ANC LISTED IN FILE FILE.CMA.
C

COMNEPA/FAAWV(ClC0PPC2P0CP(CO~
1 SPC20CCO),i'WC00OC).SPh(2CCC0),WD*T (2C),SENC2C),ICOUNTIlIAX,
2 INMAXP9KGPNDPSLOPE
COP-MCN/COFIACCF (20,50)

CHARACTEA*6 SHOTttOP SPC
CHARACTER*4 END
CHARACTEP*10 SNOCATFILES
CHARACTER*2C CDU0MYi. tDUP'1

C
C

DUFMMY=0
1COUNTzO
FILES='FILE.CPA'
CALL ASSIGNC4oFILES)
kRITEC6p*) OLCADING FILES (NAKED IN FILE.CMA):
DO 1CC I112C

READ(4plCIPEND'9) SHCTNO
ZCOUNT=ICOUNT41
horITEC6,*) I.- FILE= ',SHCTNC
I NU12I

101 FORMAT 0A6)

E ND= I .CMA I
ShN DA I -SP0TNOI/EN V
CALL ASSIGN(?vSNCDAT)

READ(2,1C2) CCUM'V1
102 FORMAT(A19)

CC ic 11:1,3
FEAD(2p1C3) CcUMY2

103 FORMAT(AII)
10 CONTINUE

00 2CC JzIP1024
PEAD(2,*,END=2C1) SPEC (Io'J)

200 CONTINUE
201 CCNTIAUE

PEAD(2,IC2) CCUMV1
CC 2C 11=1,3
AEADCZ.1C3) CCEJMY2

20 CONTINUE
CC 21C J21,40
AEAD(2,*,END:211) ACCF(IPJ)

210 CCNTINUE
211 CCNTINUE

CALL CLOSEC?)
C 6RI7EC3,*) OEXP WAVE LEN o EXP Pf4OTCA CCLNT'

CC 220 Jzlo1C24
UAVE(IJ):ACCF(I,36)*ACOF(1,37)*(FLOAT(J)-1.)

C WPIIE(3,*) hAVE(I,J)PSPEC(IJ)
220 CONTINUE
100 CCNTINUE
9 CONTINUE

CALL CLOSE(4
RETURN
END

C
SUeRCUlINE SPLICE
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C THIS SUBRCUTINE SPLICES TOGETHER CPA FILES. IT IS ASSUMED
C THAT THE CATA FILES OV~ERLAP EACH OTHER AND THAT THEY ARE
C NAMED IN FILE FILE.CMA. IT IS ALSO ASSUMEC TPAT TPE FIRST FILE
C NAMED CORFESPCNDS T0 THE SHORTEST UAVELENGIH AND SC ON.

COP'P4CN/EXPCAT/IFDATAWAVE(2C,1C30)oSPEC(2OolO3C)oWAV(2CCOO),
1 SP(2OCCO),WW(2CCCC )oSPhA(2CCOO),WDAT C2C)oSENC2C),ICCUN1IIPOAX,
2 INMAXPBKGRNDoSLOPE
COPP.,CN/COFIACCF (20o50)

DC 20 I11,ICCLIT
IF(I.EQ.1) TI"EN
IC~1
X=ACC F 1,36)

IC=ICCLD-INT(CWMAXOLD-ACCF(I,36))/DXCLD)
N=X-(%v*A~XCLD-ACOF(I,36))

URITE (3,.) 'ICXWFAXCLDICOLDDXCLD=:%IcX,%PAXCLOIC0LC,
1 CNCLD

DC 30 II=l1024
A V( I C )= X

SPQ(C )=MAX (SF (IC) ,SPEC( 1,11))
X= X4PCOF C!t 37')
I C =I +1

30 CCNTINI..E
% MA XC L 0=X -A CC F (1IP3 7
ICOLC=IC-1
CXCLC=ACCF(IP37)

20 CONTINUE
II P AX~= ICC (ID

END
SUBROLTINE WEIGHTCWPOIqWAX)

C
c THIS RCU71N4E 6EIGYTS THE SPECTRAL COUNTS UITI4 THE INVERSE OF
C THE CMA SENSITIVITY. IT ALSC N0ORMALIZES THE EXPEFr-ENTAL SPECTRA
C AND LOADS THE FINAL FLOTTING ARRAYS.
C

CCPMCN/EXPCAT/IFDAIAWAVEC2C,1C30),SPEC(2O,103C),WAVC2CCOO),
1 SP(2OCCC),hW(2CCC'C) ,SPh(2CCOO),WDAT(ZC),SENC2C),ICCUNTIIIP
2 INffAX#EKGFNDpSLOPE
DATA WCAT I 25C.o2dO..-27O..28O.,f29C.,-3CC..!32O.,350. 37C.ACC.1

I 45 .5Gp5~dOp5.PC~70pO~9CPCO
C DATA SEN I 9-.6-.24.6-.2l.,55355o.40.o
C 1 8.24,11.?3,17.e1,?9.7,49.7,S7.03,11?.,23?.,51!.7,
C 1 7E7.97/

DATA SEN I .529,.576,.6,.634,-.672,.755.;56,1 .C6,.972#1.CC,
1 1.!5,1 .94,2.99,-4.93,8.C,9.5.19.34,!7.93,1C38,16691

C
WWPIh=UlIN/10.
WWPAKahPAX/1O.
11:0
SPWPAX:1E-2C
WRITE(3,*) IzipAxlriPAx
DO 100 IS1,IIPA)

C WRITE (3,*) 'PuhaPINWhIMAYipWAV2' ,WWMI!I,WhPAX,hAV C!)
IF(WAV( I).LT.W6PIN.OR.WAVC!) .GT.WWPAX) COTC 11C
J 1
II2II*1
IFCWAV(I).LT.WDATC1)) THEN
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WIzSEN (1
ELSE IF(WAVCI.LT.%DAT(2)) THEN
Jx2
WT=SEC0-1 )+(,&AV(I)-WD AT(Q-1) )*CSER(0 )-SEN(J-) IM

(WDAT(J-WCATCJ-1)
ELSE ZF(WAVd(!).LT*'bDATM3) THEN

j23

WT:SEfN(J-1).CbAAV( I)-WO AT (J-1) )*(SEN(4)-SEN(J -M)/
(WD ATCJ)-WD ATCJ-1 ))

ELSE IFCWAV(I).LT.bDATC4) THEN
J =4
WTuSEN(J-1)+(hAV(I)-WDAT(J-1))*(SEN(J)-SEN(J-1))/

CWDAT(J)-W.DAT(J-M)
ELSE XF(WA'VCIY.LT.I.DAT(5)) THEN
j:5
W7-SENk(J-1)*(bDPVC!)-WDAT(J-1))a(SEN(J)-SEN(J-1))/

CWCATMJ-WDPT(J-1)
ELSE IF(WAVCI.LT.UDATC6)) THEN

J=6
WTzSEN(J-1)4(hoAV(!)-WDAT(J-1))*(SEN(J)-SEN(J-1))/

(WCATWJ-WCAT(J-1)
ELSE IFCWAVCX).LT.UDATC7) THEN

WI: SEN (J-1) '(hA V(I)-WDAT(J-1) )*( SEN (J)-SEN c4-1))
(WCATMJ-WDAT(J-1))

ELSE IFCWA'V(I.LTa'IDAT(8)) THEN
J=8
WTzSEN (4- )*(hAV(I )-WDAT(J-1) )'CSEN (J)-SEN(J-1))I

CWCATCJ)-WDAT(J-M)
ELSE XFCWP.VCI.LT.hkDAT(9)) THEN
4:9
WTISEN (J-1)*ChAVCI )-WOATCJ-1))* (SEN CJ)-SEN(J-1))/

(WD AM()-WCATCU-1) )
ELSE IF(WAV(I)*LT.UDATC1O)) THEN
4210
WTSSEN(J-1)+(hDVCI)-WDAT(J-1))*CSEN(J)-SENCJ-1))I

(WOAT(J-WOPT(4-1))
ELSE IF(WAM(I).LT.UDATC11)) THEN
4:11
WT=SENk(J-1).ChAVCI)-WDATCJ-1) )'CSENCJ)-SENCJ-1))I

(WCATCJ)-WDT(J-M)
ELSE IFCWAVMI.LT.UDAT(12)) THEN
J212
WTzSEN(4'1)*(hDVC!)-WDAT(J-1) )*CSEN(J)-SEN(J-1))/

(WOAT(J)-WDATCJ-M)
ELSE IF(WAV(!).LT.UDAT(13)) THEN
J213
WT=SENC4-1)*(hDVCI )-WDAT(J-1))'CSEN CJ)-SENCJ-1 ))l

CWC AT(J)-WCAT(J-1 ))
ELSE IFCWAVCt).LT.UDATC14)) THEN
J*1'
WTnSER(J-1)*(bDAVCI)-WDATCJ-1))*(SEN(J)-SENCJ-1))/

(WCATCJ-iDATOJ1))
ELSE IFCWAVC!).LThOAT(1S)) THEN
4.15
WT= SEh (J-1 ) Cb(Ik(I)-WDATC(J-1))*SEh Q )-SEN(J -1))

(WCATCJ-biODTCJ-1)
ELSE IF(WAVM).LT,?&DAT(16)) THEN
Js16
WTZSEN (J-1 ).(hVCI)-IJVAT(J-1))*(SENi(J)-SENCJ-1))I
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1 (IDATCJ-WDATCJ-1))
ELSE IF(WAV(I)-LT.UDAT(17)) THEN

1 WCAT(J)-%iCAT(J-1))
ELSE IF(WA'VCI).LT.bDAT(18)) THEN

1 (WCAT(J )-W0AT(J-1))
ELSE IFCWA'J(I)LT.'iDATC19)) THEN

WT=SEN(J-1).(hAV(I)-IWDAT(J-1))*CSEN(J)-SENCJ-1))I
1 (WCAT(J)-6CAT(J-1))

ELSE IF(6AV(I).LT.6.DAT(2O)) THEN

67TSEN (J-1 )+CbPV(I )-WDAT(J-1) )'(SEN (J )-SEN (J-1 ))I
1 (WDAT(J)-WCAT(J-1))

ELSE IFC'WA'(I).C-T.'DAT(2O)) THEN
WT= SEN (20)

E N DI F
C SHIFT EXP. SPECTRA TO LEFT EY 6 ANGSTRCP'S CLE EXP. CAL. lERFCR

C SP6(II)=SF(I)*UT
C ELLIPINAIE NN~ PEAK FFOfv DATA NCRrALIZATICN--CR OTIER PEAKS IF
c SC DESIRED.

IF(3345.LT.WW(lI).PND.3375.CT.hWCII)
1 .CR.5250.LT.WUb(II).AND.534C.GT.WW(Il)) THEN

C DC NOTHING
ELSE
SP6PAX=FAX(CSPW (1I), SPWl*AX)
E14CI F

110 CONTINUE
100 CONTINUE

INPOAXIIl
WRITE(!..*) 'INrAX='pINlAX

C NORMALIZE THE EXPERIPENTAL SPECTRA TC THE HIGHEST NON-
C EXCLUDED PEAK

DO 2C0 I=1,IN1MAX
SP6(I)=SPI(I) ISFWMAX

C WRITE (3,*) 'fmSPW=,lr.(I )oSPb (I)
200 CONTINUJE

C CHOP OFF UNWANTEC LIKES EXTENDING OUTSIDE OF THE PLO7TING
C AREA

DO 210 I1IIFAX
IF (SPW CI) .G7.1.Cl) SPW(I)1l.

210 CONTINUE
RETURN
END
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2 7 iC 2
.C028 .0193 .063? .1315 .1908 .2C65 .1727 .1142 .C605 .0259
.0137 .0658 .1325 .135 .0608 .0C13 .C344 .1171 .1606 .1375
.C357 .1121 .117f .C!C3 .C072 .0781 .089f .C212 .C07 .081?
.C656 .1238 .C458 .0C48 .0738 .C557 4.E-5 .0511 .0849 .0245
.C952 .0951 .0015 .0537 .0562 3.E-5 .0554 .0523 3.E-5 .0513
.1164 .0484 .C143 .0U5 .0043 .0412 .C467 .OCC6 .0564 .0383
.1249 .0119 .C49f .03-43 .0136 .0553 .CO05 .04t6 .C297 .0C76
.C031 .0211 .C679 .13d9 .1944 .2C61 .1691 .1C6 .C57C .0239
.C153 .0707 .137! .1742 .0546 .0CC3 .C407 .1235 .1612 .1333
.C395 .1176 .1151 .0246 .0111 .0!37 .0855 .C159 .0115 09C2
.C71? .1253 .C392 .0CE4 .0784 .0493 .COO3 .05e5 .C82C .0191
.1027 .0;08 .CO02 .CdC5 .C501 .OC11 .C614 .C456 .CO0S .0590
.123d .0413 .C20E .0679 .0014 .0484 .C4CC .CC31 .C61? .0304
.130C .0C72 .0573 .C270 .02G6 .0517 9.E-5 .0522 .C219 .0140

Franck-Condon Factors (File: FRANK.CON)

1.5951 1.6164 1.6383 1.6607 1.6837 1.7074 1.7320 1.?410 1.741C 1.741C
1.5811 1.6C19 1.4230 1.6444 1.6656 1.6716 1.7186 1.7410 1.741C 1.741C
1.5676 1.5877 1.6080 1.6273 1.6588 1.675E 1.6572 1.7149 1.741C 1.741C
1.554 1.574C 1-5930 1.6229 1.6379 1.6575 1.5644 1.?C78 1.729C 1.741C
1.5417 1.560d 1.5699 1.6C30 1.6216 1.7599 1.6W79 1.6872 1.525e 1.739e
1.5293 1.5472 1.5715 1.5882 1.60C5 1.6318 1.6498 1.7C0 1.6977 1.7164
1.5172 1.5331 1.5567 1.5736 1.5997 1.6155 1.6C72 1.6eC1 1.6771 1.7135
1.5886 1.61C2 1.0322 1.6548 1.678C 1.701e 1.7265 1.741C 1.741C 1.741C
1.5744 1.5955 1.6168 1.6184 1.65Si 1.646C 1.7126 1.7357 1.741C 1.741C
1.56C6 1.5812 1.dC17 1.6209 1.6513 1.669 1.6;14 1.71C3 1.741C 1.741C
1.5472 1.5672 1.5864 1.6145 1.6311 1.6513 1.7186 1.7C17 1.7231 1.741C
1.5342 1.553d 1.5473 1.5963 1.6151 1.6579 1.6416 1.68C9 1.74e5 1.733f
1.5215 1.540C 1.5636 1.5814 1.5881 1.6251 1.6432 1.6818 1.6913 1.7097
1.5091 1.5252 1.5492 1.5d65 1.591a 1.608e 1.?C29 1.65!4 1.67CC 1.704e

R-centroids (File: RCENTROID.DAT)
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43
0. .7f9602

1218.7 -. 0063
-7.28 0.
30294.9 .5562

797.31 -.0C48
-3.72 0.
221.5 .775156
1218.70 -.OC63
-7.28 0.
3C384.1 .6C13
798.78 -.0C46
-3.59 0.

Dunham Coefficients (File: DUNHAM.COF)

7
.313 .110 .1CC .C6 .C424 .0000625 .OCCO03
.188 .066 .06C .C360 .0254 .CCO037506 .OCCC02

Vibrational Population Wights (File: POPLTN.WT)

F3003C
3203C
3403C
3603C
3eo3C
40030
4203C
4403C
46030
48030
SC030
52030

List of Experimental OMA Files (File: FILE.OMA)
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40CC.000 420C.0Oc lOcOccOC 12cc.CCQ 45C.0OCC

S(B-)X) SpECIRUM AT 3 TORO
0 I 20C.0OCC c.00ccQOCe+0C O.COoCCOOEC

00

Input File Generated by Code (File: INPUT.DAT)
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